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INTRODUCTION 

The  purpose  of  Doctor  Albert  Fischer  in  \\  riting 
this  book  was  chiefly  to  describe  the  develop- 
ment of  the  procedures  by  which  the  method  of 
tissue  culture  is  becoming  slowly  adapted  to  its 
main  object,  the  study  of  the  fundamental  problems 
in  physiology  and  pathology.  The  early  technique, 
which  was  derived  from  the  beautiful  experiments 
of  Harrison  and  consisted  in  placing  a  fragment 
of  fresh  tissue  in  a  hanging  drop  of  culture  medium, 
did  not  allow  an  accurate  analysis  of  the  action  of 
a  tissue  upon  other  tissues  and  upon  the  humors. 
The  cells  were  subjected  to  complex  influences, 
such  as  those  of  necrotic  cells  of  their  ow^n  type, 
of  living  and  dead  cells  of  other  types,  and  of  a 
medium  which  deteriorated  spontaneously  in  a  short 
time.  It  w^as  as  impossible  to  study  cell  physiology 
with  a  fragment  of  tissue  of  complex  composition 
as  to  investigate  the  properties  of  bacteria  living 
in  a  medium  contaminated  by  other  bacteria.  The 
earlier  techniques  led  to  many  errors,  and  had  to 
be  profoundly  modified  before  the  method  of  tissue 
culture  could  become  an  instrument  of  physiological 
investigation. 


Vhc  ;ul\aiucs  inadc  chii'inL;  the  last  few  years, 
which  1  )()ct()r  l-isclicr  has  so  well  siiiiiniarizcd, 
ha\  c  been  i\'iulcrccl  possible  |)i"iniaril\  b\  the  iso- 
lation of  pure  strains  of  cells  and  1)\  the  de\elop- 
nient  of  procedures  for  measuring'  the  rate  of  <;Tow'th 
and  for  stud\  ini;  the  fimctional  aeti\it\'  of  the  tissues. 
The  use  of  pui^e  strains  of  cells  instead  of  h'ai^incnts 
of  fresh  tissues  has  been  of  fundamental  importance, 
and  Doctor  Fischer  has  contributed  to  this  progress 
1)\'  obtainini^'  the  first  permanent  strain  of  epithelial 
cells.  Although  the  technical  improvements  realized 
recenth  ha\'e  been  consideral)lc,  the  method  is  still 
in  its  infancy.  There  is  need  of  main'  experimenters 
in  this  field.  The  book  by  l^octor  I'isclicr  will  be 
of  particular  value  to  those  who  desire  to  use  the 
modern  techniques  in  tissue  culture,  and  will  con- 
tribute markedl)'  to  the  progression  of  an  important 
method  of  investigation. 
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I. 

INTRODUCTOR\^  REMARKS. 


II  has  been  intended  l)y  this  monograph  to  build  uj) 
a  fairly  complete  history  and  criticism  of  the  work  which 
has  been  done  on  tissue  cultures,  and  in  consideration  of 
the  difficulties  in  writing  a  book  like  this  on  a  field  of  in- 
vestigation which  is  progressing  so  intensively,  all  possible 
reservation  has  to  be  taken.  In  the  introduction  will  be 
given  a  short  historical  review  —  and  the  history  of  the 
special  themes  will  be  dealt  with  in  the  various  chapters.  The 
contributions  and  experiences  made  by  myself  are  not  kept 
separately,  but  are  added  to  the  chapters  to  which  they  be- 
long in  order  not  to  break  up  the  continuity  of  the  book. 

The  history  of  the  tissue  cultures  is  strictly  speaking 
not  more  than  15  years  old  —  and  to-day  there  seems 
to  be  only  a  relatively  limited  understanding  of  the  im- 
portance and  significance  of  the  tissue  cultivation  as  a 
method  for  making  elementary  and  fundamental  studies 
of    the    physiology    and    pathology    of    higher    organisms. 

The  one-celled  organism  has  been  studied  and  submit- 
ted to  a  thorough  investigation  in  the  belief,  that  a  simple 
organism  is  easier  to  understand,  but  Ihiugs  seem  to  prove 
that  the  one-celled  organism  is  not  so  simple.  In  the 
highly  differentiated  organism  the  circumstances  are  en- 
tirely different  and  probably  simpler  because  we  perceive 
some  kinds  of  elements  (cellgroujis  or  organs)  and  to  a 
certain  extent  understand  their  work.  Xeverthelcss  the 
physiological  and  pathological  processes  are  very  profound 
and  complicated  matters  owing  to   the  many  unknown  fac- 
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tors  wliich  aro  cncounttTcd.  Physifo-chcinicnl  processes  arc 
conlinuously  goin<^  on  in  the  hody-Jiiices  as  a  result  of  the 
various  tissues.  In  Ihi'  advanced  techni(|ue  of  cultivating 
animal  tissue  in  \ilro.  a  First  stej)  is  made  lo  submit 
the  dil'terenliated  oi-<»anism  lo  a  causal  analytic  investi<fa- 
lion.  Hy  inlroducin<f  tlie  histological  |)hysiolo,ify  into 
experinunlal  medicine  and  i)iol()<,'y  wc  ha\c  a  new  era. 
The  building-stones  of  the  organism  can  now  be  investigated 
under  such  experimental  conditions,  that  many  of  the  com- 
pUcaled  factors,  wliich  exist  in  the  organism,  can  be  clim- 
ated  or  reduced    in    the  culture. 

Among  the  numerous  problems  to  be  investigated  by. 
this  line  of  research,  it  seems  lo  us  very  imjxjrlant  to 
know  a  liltlc  more  than  we  do  already  of  the  constilulionai 
laws  determining  the  regulation  of  growth  of  the  various 
tissues  and  organs. 


II. 

HISTORICAL  REVIEW. 


Xorinal  physiology  has  nearly  always  tlealL  with  the 
investigation  of  the  functions  of  organ-systems,  single  organs 
or  certain  important  cell  groups  in  the  bodj^  without 
going  into  the  study  of  the  physiology  of  the  tissues  in 
general.  We  must  give  the  pathologists  the  credit  for  the 
initial  studies  on  the  various  tissues.  Up  to  the  present  more 
contributions  to  the  normal  physiology  of  tissues  in  general 
have  been  accomplished  by  the  pathologists.  When  V  i  r  c  h  o  w 
created  the  cellular  pathology,  new  points  of  view  were 
opened  up  and  new  fields  for  investigations  were  fertilized. 

The  methods  of  explantation  applied  in  the  studies  of 
tissues  were  very  extensively  employed  in  the  new  cel- 
lular pathology  and  many  exceedingly  important  problems 
were  solved.  The  biology,  or  general  physiology,  included 
mostly  the  study  of  the  lower  organisms,  protozoa,  etc., 
but  normal  physiology  made  use  of  the  methods  of  explan- 
tation too,  —  mostly  however  of  organ-systems,  as  for  instance 
the  study  of  the  action  of  the  isolated  heart,  kidney,  intes- 
tines, and  so  on.  But,  as  already  mentioned,  the  morpho- 
logical experiments  on  explanted  tissues  were  actually 
inaugurated    by    the    pathologists. 

The  subjects  for  investigation  by  the  methods  of  explan- 
tation were,  to  begin  with,  usually  blood  cells,  egg  cells, 
spermatozoa,  ciliated  epithelial  cells,  cells  w'hich  were  easy 
to  isolate  and  observe  in  vitro.  Later  on  transparent  organs 
such  as  the  cornea,  thin  membranes  and  similar  structures 
were    studied    in    vitro.    The    experiments    of    C  o  h  n  h  e  i  m 
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oil  excised  corm-:!  will  he  remembered,  by  which  method 
lu'  ende;i\()iired  lo  soKc  liie  most  rundameiihil  |)rol)lems 
of  iiiri;iinm;ilion  Mosl  ol'  Ihese  expeiMinenls  were  .not  Mctual 
exphintatioiis.  oi'teii  the  cells,  which  wen-  to  iiiidei'go  an 
examination  wcri'  in  some  way  cojinected  with  the  liody; 
lor  instance  the  many  experimenls  ol"  inllammalion  on  Ihc 
mesinterium.  mem  bran  a  iialatoria  ol'  ti'oifs,  were 
mostly  done  in  connection  with  tlu'  animal  In  olhei-  cases 
the  animal  was  <veneraliy  nsed  as  an  incubator  for  the  cells, 
as.  e.  j^..  in  the  experiments  on  cliemf)laxis.  wiien  for 
instance,  while  blood  corpuscles  were  tempted  to  wander 
into  capillary  tubes,  placed  in  the  abdominal  cavity  and 
containinif  attractive  substances  for  the  cells.  In  studying  the 
role  played  by  Ihe  connectiNC  tissue  cells  under  conditions 
of  infhunmation.  Maxim  off  placed  small  ground  glass 
plates  in  the  peritoneal  cavity  and  afterwards  examined 
the   invaded    inflammatory    tissue. 

It  has  been  known  that  dead  material  lying  in  the  orga- 
nism, as  for  instance  masses  of  fibi'in  in  the  form  of 
thrombi  in  the  blood  vessels,  can  be  organized  and  })rogres- 
sively  brought  to  disappear.  What  is  going  on  is  namely 
that  leucocytes  and  connective  tissue  cells  migrate  into  the 
fibrin  and  live  there  until  the  fibrin  is  liquified  and  resolved. 
In  other  words,  we  here  actually  have  a  tissue  culture  in 
vivo.  Experiments  resembling  this  process  have  been  car- 
ried out  l)y  Leo  Loeb  ^^-)  in  181)7.  He  observed  the  cell- 
wandering  in  blood  coagulum  and  agar  in  vivo  and  clai- 
med also  to  have  done  it  in  vitro,  but  the  description  of 
the    technique    has    not    been    published. 

Only  when  Harrison  -^'^)  in  1907  succeeded  in  studying 
the  i-egeneration  of  nerves  from  frog  embryos  in  lymph  out- 
side the  organism  was  this  field  of  investigation  opened. 
Harrison's  method  of  investigation  was  a  logical  out- 
come of  the  embryological  method  of  R  o  u  x,  I)  r  i  e  s  c  h 
and  Born,  in  which  they  tested  the  isolated  embryonic 
parts  in  regard  to  their  function  in  the  formation  of  or- 
ganisms. 
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Carrel  foresaw  in  this  melhod  a  very  im|)<)rlaiil  way 
to  make  a  fiindamenlnl  study  oi"  tissue  cells  under  various 
experimental  conditions  and  together  with  Burrows  he 
extended  the  use  of  the  method  to  the  cultivation  ol'  other 
kinds  of  tissues.  By  an  ingenious  method  of  organizing  the 
experiments  a  marvellous  technique  was  developed  for  tis- 
sue cultivation  in  vitro.  Carrel  and  Burrows^')  very 
soon  succeeded  in  cultivating  all  kinds  of  embryonic  tissue, 
tissue  from  different  adult  organisms  and  cells  from  neo- 
plasms. The  results  of  these  experiments  were  looked  upon 
by  the  scientific  world  with  great  expectations.  The  ex- 
periments were  repeated  by  the  majority  of  biologists,  mor- 
|:)h()logists  and  pathologists,  without,  however,  much  success 
and   with   rather   disappointing  results. 

Consequently  many  investigators  became  very  sceptic  and 
pessimistic  in  regard  to  the  employment  of  the  method. 
The  progress  in  this  line  of  work  by  the  pioneers  w^as  so 
great  tha'  it  was  hard  for  other  investigators  to  keep  pace 
with  it  and  they  became  sceptics.  A  large  cpiantity  of 
literature  was  published  on  the  subject,  and  from  France 
and  Germany  es])ecially.  a  decided  opposition  was  met 
with.  This  part  of  the  Iiistory  is  described  very  dramati- 
cally in  Albert  0])pers*32)  book  on  ex])lantation,  to 
which  can  be  referred.  The  objections  generally  urged  were, 
that  the  a])parent  growth  observed  in  the  tissue  cul- 
tures was  not  actual  growth,  but  a  combination  of  active 
cell  migration  and  a  passive  outfloating  of  cells  caused 
by   currents    from    the    explantcd    tissue    to   the   medium. 

Some  investigators  went  so  far  as  to  regard  the  growth 
as  a  ])henomenon  of  necrobiosis.  (.Toll  y)  -'7'^.  277>  xhe  reason 
why  so  much  oj)))osilion  was  encountered  was  primarily 
that  the  organization  of  the  culture  work  made  by  others  than 
the  pioneers  w^as  very  poor  and  that  from  few  unsuccessful 
experiments  unreliable  conclusions  were  usually  drawn.  It 
was  necessary  accurately  to  follow  up  the  technique  if 
good  results  were  to  be  expected  and  this  particular  work 
requires  much  care  and  ])atience  if  success  is  to  be  expected. 
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II  is  remarkable  how  coniplclcly  the  lorhniqiic  was 
worked  out  rroni  llie  very  l)eginnin<f.  Tliis  ean  be  seen  by 
all  the  expeiimenis  which  have  lalei-  been  allenipled,  for 
instance,  lo  eiKh'avoui'  lo  inodilN  the  ciillure  niediuni.  io 
obtain  another  sn])portin<f  a|)paraliis  loi*  the  tissue  cells 
to  grow  on.  All  that  has  been  tested  as  a  substitute  for  one 
or  another  of  the  constituents  ot  the  plasma-tissue  juice 
medium,  has  been  so  far  without  success.  It  seems  that  the 
only  satisfactory  method  was  accomplished  from  the  very 
outset. 

In  ])ractically  all  branches  of  exi)erinienlal  medicine  a)id 
biology  the  method  of  cultivating  tissue  has  been  applied 
already.  As  a  morphological  and  physiological  method,  the 
tissue  cultivation  method  of  explantation  was  introduced 
when  R.  G.  Harrison  249)  solved  the  fundamental  ipies- 
tion  of  nerve  regeneration  as  an  active  cell  movement  and 
growth  of  the  axis  cylinders  by  studying  the  phenomenon 
in  vitro.  After  these  successful  experiments  several  morpho- 
logists  took  up  the  method  for  the  study  of  other  jiroblems. 
Studies  of  cell  divisions,  cell  degenerations,  were  under- 
taken. The  histogeny  of  the  various  cell  products,  as  for 
example  connective  tissue  fibrils,  was  studied.  This  can  be 
referred  to  in  the  works  of  L  e  wm  s  and  L  e  w  i  s,  M  a  x  i- 
m  o  f  f,  L.  Loch,  B  a  i  t  s  e  1 1,  L  a  m  b  e  r  t  and  H  a  n  e  s, 
Uhlenhulh.    ()pj)el.    C-hampy    and    several    others. 

It  seems  to  be  the  morphology  which  has  interested  most 
investigators;  probably  because  of  the  less  difficult  techni- 
que for  making  morphological  studies.  An  explanted  frag- 
ment of  tissue  of  any  kind  is  a  rather  easy  matter  to  keep 
living  in  vitro  for  a  short  period  (from  a  few  hours  to 
several  days)  and  one  can  still  observe  an  outgrowth  or 
migration  of  cells,  besides  some  active  cell  divisions.  For 
those  experiments  of  short  duration,  the  composition  of 
the  culture  medium  does  not  play  any  important  role. 
As  Lewis  and  Lewis  327)  349)  350)  have  shown,  an 
outgrowth   of  cells  can   be  observed   in  a  simj)le   fluid   con- 
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laining  only  inorganic  salts  (Ringers  solution  or  sca- 
watcrj  and  the  surface  of  the  cover  slip  can  be  used 
as  the  only  supporting  a])paratus  for  the  wandering  of 
the  cells.  This  method  cannot  actually  be  called  tissue 
cullivalion.  It  is  survival  only  of  fragments  of  tissue  in 
vitro,  a  survival  in  a  j)  r  o  t  e  c  t  i  v  e  solution  which 
is  not  a  g  r  o  w  I  h  -  p  r  o  m  o  t  i  n  g,  nutrient  solution, 
The  tissue  cells  live  and  multiply  at  the  expense  of  the 
nourishing  and  growth-promoting  substances  contained  in 
the   explanted    piece   of   tissue. 

It  is  perfectly  true,  as  Burrows  has  stated,  that  fresh 
embryonic  tissue  grows  not  because  of  the  medium, 
but  in  spite  of  the  m  e  d  i  u  m.  The  disintegration  of 
some  cells  liberates  growth-promoting  substances  for  other 
cells,  naturally  within  certain  limits.  The  only  true  cul- 
tivatioi  of  tissue  is  the  method  which  deals  with  perma- 
nent strains  of  various  tissues.  Then  we  can  speak  of  an 
actual  growth  in  vitro,  the  advantages  of  this  method  being 
namely,  that  the  conditions  of  the  experiments  are  much 
simpler  and  more  constant.  The  permanent  strain  is  pure 
and  under  uniform  conditions  all  the  time  and  not  in- 
fluenced by  the  many  factors  of  the  organism  which  are 
still  there  immediately  after  explantation.  To  learn  anything 
about  the  influences  of  the  various  components  of  the 
culture  medium,  or  whenever  certain  problems  have  to  be 
investigated,  it  is  necessary  to  carry  on  the  strains  over 
a  certain  protracted  period  of  time  to  be  sure  that  the  ex- 
planted  tissue  has  been  adapted  to  the  ncAv  experimental 
environment.  The  above-mentioned  experiments  of  Lewis 
and  Lewis,  327)  for  instance,  demonstrate  the  fact  that 
fresh  explanted  tissue  is  able  to  live  in  simple  salt  solutions 
and  grow  for  a  very  short  time  at  the  expense  of  the 
substances  in  the  tissue  itself,  but  when  it  is  attempted 
to  transfer  the  tissue  from  one  salt  solution  to  another  it 
usually  results  in  the  death  of  the  tissue.  Consequently  it 
is  rathei'  confusing  when  investigators,  who  have  not  w^orked 
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imicb    in    this    line    lu't'oi-c,    shilc    lli;il.    lor    example,    lissiic 
can  he  cnllivalcMl   in  so  simple  :i   nudiiim   as  ■sca-walcr  . 

II  is  impoi'lani  llial  some  dislinclioii  he  made  hclwciMV 
the  two  melhods  ol'  invesligalion.  the  one  which  deals  with 
experimenis  on  s  n  r  \  i  v  i  n  <^  lissne  in  pi'()lecli\o 
solutions  and  Ihc  olher  one,  (he  in  \' i  t  r  o  c  u  i  I  i- 
V  a  I  i  o  n  of  lis  s  u  e  in  cull  u  r  e  m  e  d  i  a  w  h  i  c  h  a  c- 
lually    |)|-om()le    the    ^  r  o  w  I  li. 

This  lacl  seemed  to  h;'  wry  lillle  understood  hy  several 
invesli<.>alors;  only  \-ery  few  peoble  work  with  tissue  enlli- 
valion  in  a  confident  manner,  whatever  may  he  the  cause: 
lack   of   leclinical   difficnllies   oi-   underslandinff. 

III  studying  physiological  and  pathological  prohlems  it 
is  iherelore  of  great  importance  to  carry  on  the  experimenis 
over  a  long  period  of  lime  and  to  nse  permanent  strains  of 
tissues  which  have  acquired  a  certain  grade  of  stability 
for  the  in  vilro  life.  It  was  taken  for  gi'anled  at  the 
early  ])eriod,  when  the  techni(iue  for  tissue  cultivation  came 
up,  thai  the  blood  plasma  contained  all  the  substances  for 
the  nourishment  of  the  tissue  in  the  culture.  Of  course 
there  are  some;  but  cx|)eriments  have  recently  showm  that 
the  plasma  or  serum  has  a  more  inhibitory  than  a 
growth  promoting  influence  (C  arret  and  E  b  c  1  i  n  g)  i"') 
and  this  fact  could  only  be  abstracted  from  a  nu'thod 
which  has  the  jiurpose  of  following  the  rate  of  growth 
over  a  long  period  of  time.  And  the  same  !nethod 
resulted  also  in  finding  those  substances  which  are 
absolutely  required  to  make  the  tissue  live  indefinitely. 
It  was  early  found  by  (]  a  r  r  e  1  '**')  ^8)  that  the  juice  from 
young  embryos  contain  all  the  necessary  sul)stances  for  the 
indefinite  life  and  that  tissue  juice  and  blood  plasma  from 
adult  and  old  individuals  do  not  contain  these  substances  in 
any  amount  sufficient  for  the  indefinite  life.  In  this  connec- 
tion it  may  be  mentioned  that  the  tissue  cells  from  young 
and  old  animals  can  be  cultivated  indefinitely,  i.  e.,  Ihal  it 
seems  as  if  the  factors  of  senescence  are  not  to  be  foimd  in 
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the  cells  themselves,  but  are  far  more  ])rofoimd  phenomena 
correlated  to  the  entire  function  of  all  the  cells  in  the  or- 
ganism   and    their   ''milieu    inlerieure"    (Carrel)"'^). 

The  evident  si<>nificance  ol'  this  method  was  foreseen  very 
early  by  Carrel  and  a  technique  was  developed  by  which 
the  rate  of  growth  of  the  tissue  in  vitro  c(ndd  be  measured. 
Carrel  and  E  b  e  1  i  n  g  ^'^"O  worked  out  the  ({uantitative 
study  of  the  growth  of  fibroblasts  in  vitro.  In  regard  to  the 
imperfectness  of  the  method  and  respecting  the  more  or 
less  complicated  phenomena  dealt  with,  by  measuring  the 
surface  area  of  growth,  the  accuracy  of  the  method  was 
found  to  be  sufficient  to  discover  new  facts  and  the  first 
important  step  was  made  for  studying  i)hysiological  phe- 
nomena quantitatively. 

In  order  to  develop  a  fairly  safe  technique  one  has  to 
have  a  more  than  ordinary  interest  for  the  problems  and 
a  good  deal  of  ])atience.  The  technique  is  not  so  difficult; 
almost  any  person  can  be  trained  to  do  it.  It  is  shown  by 
Ebeling^'^3)  that  if  a  culture  is  divided  into  two  equal 
parts  and  cultivated  separately  under  uniform  conditions, 
the  rate  of  growth  does  not  vary  more  than  8—10  per  cent, 
which  must  be  said  to  be  very  accurate  in  regard  to  the 
im]:)erfectness  and  the  complexity  of  the  method. 

By  employing  the  quantitative  method  very  interesting 
and  important  discoveries  have  already  been  made  and  by 
this  method  unlimited  problems  of  importance  can  now  be 
attacked.  For  example,  the  problems  of  senescence  have  been 
investigated  by  Carrel :  later  C  a  r  r  e  1  and  E  b  e  1  i  n  g 
92  94  102)  have  shown  that  in  plasma  an  inhibitory  fac- 
tor for  the  growth  of  connective  tissue  is  contained,  and 
that  cells  grow^n  in  plasma  of  younger  animals  grow  much 
more  abundantly  than  in  that  of  older  animals.  The  ^.ffect 
of  age  is  marked,  the  rate  of  grc^wth  of  fibi'oblasts  in  chiic- 
ken  plasma  decreasing  50  per  cent  with  the  first  three 
years  of  life  and  30  per  cent  more  in  the  next  six  years 
of   the   life    of   the    fowls    furnishing   the    ])lasma.    And    they 


26 


have  called  altcMition  to  Iho  fact  that  soniclhin<»  similar 
inusl  ap|)l>  in  man  since  the  rate  ol"  cicatrizalioii  of  liuinan 
woiiiuls.  measured  aceiiralely.  is  round  lo  vary  inversely 
with  the  aj^e  of  tlu'  |)a[ient  i)y  applying  liie  dn  X  o  i'l  y's  '^o) 
tormulai"  lor  eiealrizalion  ol'  wounds  to  Ilie  rale  of  growth 
of   the    libroblasls. 

The  changes  in  rale  ol"  growth  seem  lo  be  one  of  Ihe  most 
important  I'esponses  of  the  xarious  tissues  in  culture  when 
Ihe  conditions  are  somewliat  changed,  especially  when 
the  changes  an-  of  a  chemical  or  biochemical  nature.  C-han- 
ges  in  the  composition  of  the  culture  medium,  adding  bac- 
terial proteins,  or  treating  the  various  compounds  by  heat 
or  chemicals,  and  so  on,  result  apparently  only  in  changes 
in  the  rale  of  gi'owth  and  ai)parenlly  not  in  changes 
in  morphology,  at  least  not  lo  a  noticeable  extent  ^'•>^)  i^^'^). 
Therefoi'e  Ihe  determination  of  rale  of  growth  becomes  high- 
ly im])()i-lanl.  It  seems  thai  when  ciianges  in  the  culture 
medium  are  of  a  more  mechanical  nature  morphological 
changes  in  the  cells  occur,  L.  L  o  e  b,  ^ts)  sts)  U  h  1  e  n- 
h  u  t  h  «8). 

It  has  already  been  observed  by  Cohnheim  that  Ihe 
leucocytes  when  they  apj)ear  in  the  cornea  under  con- 
ditions oJ"  inflammation  become  spindle-shaped  and  fusiform 
as  fibroblasts.  Later  L  e  o  L  o  e  b  ^'^'^)  observed  in  epithelial 
cells  similar  changes  when,  under  experimental  conditions, 
he  examined  the  migration  of  these  cells  in  blood  coagulum 
or  agar.  Recently  E.  U  h  1  e  n  h  u  t  h  ^^^)  studied  the  mor- 
phological changes  in  epithelial  cells  IVom  frogs  when  cul- 
tivated in  culture  media  of  varying  consistency.  The  chan- 
ges in  sha])e  of  the  cells  show  that  Ihe  mechanical  factor 
plays  an  important  role  hei'e.  The  leucocytes  in  the  inflamed 
cornea  become  elongated  on  account  of  the  mechanical 
structure  of  the  cornea;  Ihe  same  thing  happens  to  epithelial 
cells  in  the  dense  fibrin  meshwork  in  the  clot.  No  doubt 
the  outer  appearance  of  the  tissue  cells  de- 
pends  mainly    on    the    a  I'c  h  i  I  e  c  I  u  I'e    of   the   sup- 
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porting  material,  and  it  is  impoiiant  to  notice  how 
determining  the  stroma  is  for  the  morpliology  of  cells.  It 
is  absolutely  essential  for  Ihc  lite  of  tissue  cells  to  have  a 
solid,   or  in  some  way  solid  support   for  their  outgrowth. 

This  phenomenon  of  the  nccessily  for  the  tissue  cells 
to  have  a  support  or  a  frame  work  for  retaining  the  life 
has  been  discussed  by  Harrison  2^1).  The  support  may 
be  the  fibrin  in  clotted  plasma,  the  surface  of  the  covei'' 
alass,  the  surface  of  the  fluid  film,  the  framework  of 
spider-webs,  silk  gauze  or  cotton  threads  or  the  like.  In 
cultures  in  which  the  tissue  floats  free  in  a  fluid  medium 
no  outgrowth  occurs  and  the  cells  succumb.  The  cells,  cul- 
tivated in  a  fluid  with  the  cover  glass  as  the  only  support 
tend  to  be  much  more  flattened  because  there  are  only 
2  dimensions  to  the  support;  when  cultivated  in  the  fibrin 
clot  the  cells  are  fusiform  and  more  tubular  because  of 
the  three-dimension  support. 

Leo  Loeb  called  this  dependency  of  the  cells  to  the 
solid  phase,  stereotropism.  If  cells  are  permitted  to  live  in 
a  fluid  medium  they  will  succumb  very  rapidly.  It  is  tho 
solid  supporting  apparatus  which  determines  the  form  of 
the  tissue  cells,  and  without  supi)ort  the  cells  contract 
themselves,  become  round  and  seem  to  be  unable  to  assimi- 
late and  multiply.  This  phenomenon  that  the  cells  become 
round  as  soon  as  the  culture  medium  liquefies  or  when 
the  supporting  apparatus  is  removed  has  probably  been 
observed  by  several  investigators,  but  was  first  described 
by  U  h  1  e  n  h  u  t  h  ^^s),  later  by  Rous  4^^)  and  then  by  m>'- 
self  19*).  It  is  probably  a  phenomenon  which  can  be  ex- 
plained by  surface  tension,  as  B  ii  t  s  c  h  1  i  *')  and  Quincke 
*^'')    have    explained    similar    ])henomena. 

Under  the  conditions  of  experiments  generally  used,  we 
do  not  actually  find  morphological  changes,  transformation 
or  differentiations  in  the  cells  cultivated  in  vitro.  The  che- 
mical and  mechanical  environments  are  usually  the  same 
all    the    time    in    the    cultures.    The   age    phenomena    of   the 


28 


cells  arc  sup|)i'cssc(l  owinj^  lo  the  Incl.  Ih;il  Ihc  ciillurc 
incdiuni  always  conlains  siii)s(aiiccs  tVom  ;in  or-faiiisin  in 
early  einbryonie  slaj^e.  A<fe  and  (lilTereiilialion  are  prol)- 
ahly  related  |)lieni»inena.  very  complex,  due  to  co-operation 
bclwccn  all  the  or^an  systems.  .Much  discussion  has  ap- 
peared as  to  whether  ci-lls  from  the  \arious  tissues  dediffc- 
rcnliate  when  culti\ate(l  in  \itro  to  priudti\c  end)i'yonic, 
indiflerent  cells,  as  staled,  for  instance,  by  (Ihanipy  '-•') 
and  later  by  I'hlenhuth  '■'' .  ()  p  |)  e  I  "-j  mentions  in  his 
book  that  tissue  culti\;dion  is  a  disappointment  owiii^'  lo 
the  fad.  Ihal  the  ()nl<fr()wing  cells  are  indifferenl  and  can- 
not be  (pialified.  All  investigators  agreed  with  him  at  Ihal 
lime.  It  is,  however,  not  true  Ihat  tissue  cells  dedifferen- 
tiate in  vitro;  I  lunc  demonstrated  that  epithelial  cells, 
when  they  are  obtained  j)urc.  free  from  oilier  cells,  grow 
in  vitro  indefinitely,  in  a  manner  characteristic  for  epithe- 
lium, and  no  transformation  oi-  dedifferentiation  takes  jjUico. 
In  these  experiments  it  is  important  to  gel  from  the  very 
beginning  the  pnrc  tissue  for  cultivation,  ecpially  as  impor- 
tant as  it  is  when  cultivating  bacteria.  In  obtaining  pure 
cultures  of  the  various  tissues  for  culti\ation.  unfoi'tunatv-ly 
the  method  used  in  bacteriology'  can  not  very  well  be  ap- 
plied here.  Tlie  safest  and  best  method  is  lo  slart  out  with 
tissues  which  arc  pure  when  taken  out  of  the  body;  or 
take  advantage  of  the  fact  that  certain  tissues  grow  belter 
in  vitro  than  certain  others;  this  physiological  elective  me- 
thod can  with  success  be  employed  in  gelling  epithelium 
fi'om  the  iris  attached  to  the  lens  or  as  \\  .  11.  Lewis*,  has 
indicated  to  cultivate  |)ieces  of  amnion  which  consist  only 
of  smooth  muscle  and  e|)ilhelium.  Xeithei"  the  lens  nor 
the  smooth  muscle  grow  for  any  length  of  time  and  pro- 
gressively the  epithelium  is  obtained  pure.  Hut  the  \-ery 
best  and  most  reliable  method  is  lo  gel  the  tissue  pure 
from  the  very  beginning  from  certain  loci  elecli.  (larlilage 
has  been  obtained  pure  in  a  like  mannei-. 
*)  personal  communication. 
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II  was  declared  in  the  early  period  of  tissue-cullivalion. 
Ihal  all  cells  cullivaled  in  vilro,  dedifl'erenlialed  lo  a  pri- 
milive  indilTerenl  cell  lyi)e;  il  can  Iherelore  he  slated  as 
a  very  impoiianl  and  I'undanienlal  fad  thai  ecloderin  and 
mesenchyme  do  nol  change  Iheir  characler.  This  seems 
lo  indicate  thai  i)r()l)al)ly  the  physiological  character  of 
Ihc  cells  also  should  remain  constant.  This  fact,  certainly, 
gives  us  an  opportunity  to  investigate  the  |)hysiological 
characteristics  of  the  various  tissue  cells  outside  Ihe  body 
and  perhaps  elucidate  the  more  or  less  antagonistic  cytologi- 
cal  inlei-actions  between  the  various  types  of  tissue  cells  in 
the  organism. 

The  problems  to  be  investigated  by  the  tissue-cultivaliou 
method  are  unlimited  and.  as  mentioned  before,  if  used  in  a 
l)roper  critical  manner,  it  is  the  most  rational  method  for  the 
study  of  physiology  and  pathology.  During  the  short  time 
that  this  method  has  been  propagated  into  the  many  different 
lines  of  biology,  many  more  or  less  hazardous  conclusions 
have  been  brought  out.  nu)stly  built  on  very  imjierfect 
technique. 

The  histogeny  of  the  various  intercellular  substances,  such 
as  the  different  fibrillae  of  the  connective  tissue,  the  substan- 
ces which  link  the  cells  together  in  cartilage  and  bones,  etc.. 
will  find  a  good  method  for  investigation  in  the  tissue  cul- 
tivation. The  old  question  of  the  origin  of  the  connective, 
tissue  fibrils  was  taken  up  by  Bait  sell  ^)*^)'-')  and  later  by 
M.  Lewis  3^9^  by  the  tissue-culture  method.  Bait  sell  re- 
presents the  idea  that  the  fibrils  have  their  origin  in  the 
plasma  and  can  be  reproduced  without  the  presence  of  living 
cells,  but  by  mere  mechanical  factors;  he  explains  it  as  a 
transformation  of  the  amicronic  fibrin  particles  in  the  plasma 
and  i)robably  under  the  influence  of  the  different  enzymes 
in  the  blood.  It  is  known  from  the  chemistry  of  colloids 
that  different  mechanical  factors  have  a  denaturing  effect 
on  the  colloidal  solutions  and  without  doubt  the  same  phe- 
nomenoi     is    dealt    with    here.    On    the   contrarv    M.    Lewis 
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obsci'vod  in  a  ril)i"in-rrc'e  medium  Ihal  llic  most'iichymc  \wo- 
(liK'c's  riiic  c-()iili';iclilc  libi'ils  alter  Iweiily-rour  h(nirs  ol' 
cullivaliori  ami  by  staining  lor  milochondria  these  c(nil{l  be 
found  present    in   Ilic  line  fibrils. 

Concerning  llu-  cartilage  '",  there  seem  to  be  interesting 
processes  to  sludy  in  regard  lo  the  inlercelluhir  siibslaiice, 
which  seems  lo  disa|)])i'ar  when  the  cartilage  is  ciillivaled 
embedded  in  the  |)lasma  clol  and  the  cells  fall  a])arl  and 
resemble  a  cullure  of  yeasi,  but  cultivated  on  the  free  surface 
of  the  plasma  clol,  the  cells  spread  out,  grow  as  do  epithe- 
lial cells,  adhering  in  solid  membranes.  II  can  now  be 
considered  as  a  fact  Ihat  cartilage,  as  well  as  epithelium 
can  be  brought  lo  live  outside  the  organism  for  any  length 
of   lime. 

Another  question  which  has  caused  an  endless  and  life- 
long discussion  viz:  whether  the  invading  cells  under  condi- 
tions of  inflammation  are  derived  from  Marchand's  leuco- 
zytoid  cells  or  from  Maxim  of  f's  polyblasis,  seems  intlie 
culture  work  to  stand  an  opportunity  of  being  .solved,  v. 
Recklinghausen  showed  thai  the  pus  cells  and  while 
blood  cells  were  the  same  thing  and  C  o  h  n  h  e  i  m  observed 
Ihat  the  while  cells  wandered  out  from  the  vessels  under 
conditions  of  inflammation.  His  ingenious  experiments  on 
the    excised    cornea   will    be   remembered. 

It  is  well  known  what  an  incessant  and  life-long  sti'uggle 
P.  Grawitz23o)  h^d  because  of  his  statement  that  pus 
cells  are  derived  from  the  fixed  tissue  cells  when  their 
respective  supporting  substance  is  destroyed.  Doubtless 
his  statements  are  nol  absurd.  Leo  Loeb's  ^'^^)  experiments 
on  the  regeneration  of  epithelium  show  that  the  infiltration 
could  be  explained  that  way.  In  recent  investigations  on 
growing  cartilage  in  vitro  i^*),  we  have  an  example  which 
shows  how  the  intercellular  substance  can  be  brought  to 
disappeai-  under  certain  conditions.  The  changes  of  any  tis- 
sue cell  into  the  spherical  shape  can  be  seen  any  day  in 
the   tissue   cultures.   The   studies  of  the  origin  of  the   diffe- 
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rent  hemalogenic  elements,  will  probably  also  some  day  be 
cleared   up   by   the   melliod   o!  explanation. 

Another  big  unknown  iichl  in  the  physiology  and  patho- 
logy of  tissues,  which  doubtless  can  be  accomplished  through 
the  cultivation  method,  is  the  study  of  the  intimate  struc- 
ture of  the  cell  under  various  conditions,  the  study  of  the 
degenerative  processes  as  well  as  the  generative  processes 
in  the  cells.  The  biochemical  investigation  of  the  conditions 
under  which  mitochondria,  fat,  glycogen  and  pigment  are 
produced  and  the  conditions  under  which  the  various  de- 
generative processes  (amyloid  for  instance)  take  place  can 
be  studied  in  the  tissue  cultures. 

Within  the  pathology,  the  work  on  innnunity  will  be  ex- 
ceedingly important  from  the  viewpoint  of  tissue  cultivation. 
To  observe,  for  instance,  whether  there  are  certain  tissues 
only  which  contribute  to  the  formation  of  antibodies,  or 
whether  there  are  certain  tissues  which  possess  a  natural 
immunity  to  certain  virus;  not  to  speak  of  the  enormously 
interesting  field  of  the  cytotoxins.  It  is  difficult  to  under- 
stand why  not  more  investigators  have  taken  up  the  study 
of  immunity  in  tissue  cultures.  Carrel  and  I  n  g  e  b  r  i  g  t- 
s  e  n  '•0 )  and  later  Fischer  i^^)  i^^)  are  the  only  ones  who 
have  studied  the  production  of  antibodies  in  tissues  cultivated 
in  vitro.  Burrows  used  the  growth  of  tissues  in  vitro 
as  an  indicator  for  the  toxin  and  antitoxin  combination. 
This  has  actually  nothing  to  do  with  the  production  of  anti- 
bodies in  vitro.  A.  Fischer  i^^)  ^^^)  has  shown  how  it  is 
possible  to  use  the  tissue  cultures  to  stud}^  the  action  of 
antigen  and,  at  the  same  time,  in  its  rate  of  growth  obtain 
a  measure  for  the  amount  of  antibodies  produced  during 
a  period  of  immunization.  By  this  method  it  will  be  possible 
to  see  if  all  kinds  of  cells  respond  in  the  same  way,  as 
did,  for  instance,  the  ten—year  old  strain  of  fibroblasts. 
Through  this  immunological  method  it  will  probably  be 
possible  to  study  the  interaction  between  the  various  dif- 
ferentiated   tissue    cells.    In    other   words,    to   investigate    the 
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condilions  cluMiiical  or  physical  wliicli  icsull  in  a  prof^ros- 
siw  ilisappcarancc  ol"  [hv  epillu'lium  in  culluiH-s,  wiic-n  t'ihro- 
blasls  arc  prcscnl.  Is  liic  cause  lo  he  lound  in  the  cells 
Ihemsclves,  in  a  cerlain  clirrei"eiu-e  in  liie  physiological  cha- 
raclcr  of  Iht  two  cell  types,  oi-  in  the  c(jn(iili()n  ol'  (he  cul- 
lure-mcdiaV 

One  would  inia<^ine  Ihal  expei'inicnlal  radiology  would 
have  ail  exceedingly  good  iiiclhod  in  tissue  cullivalion  lor 
sludying  the  ray  energy  on  the  vaiMous  isolated  tissue  cells. 
Ill  short,  there  can  scarcely  he  found  any  prohlem  in  ex- 
pcrimenlal  medicine  that  could  not  take  advantage  of  the 
tissue  cultivation  method,  es])ecially  now  when  it  has  l)een 
shown  that  also  other  tissues  can  he  grown  |)ui-e  in  vitro, 
and.  what  is  inori'  important,  that  a  dedijfei-enlialion  of  these 
tissues  does  not  occur  luider  the  experimental  condilions; 
but  that  they  remain  in  the  same  stale  of  development  as 
they  were  in  the  animal  from  which  the  cells  and  the 
tissue    juice    necessary    foi*    the    growth    are    taken. 

When  the  technique  for  cultivating  tissue  cells  was  de- 
veloped, several  investigators  expected  much  of  the  method 
to  study  the  character  of  the  malignant  cells. 

The  question  was  therefore  quickly  taken  up  hy  most 
investigators,  but  the  results  were  rather  disappointing.  Al- 
ready as  early  as  in  1910,  shortly  after  the  technique  has 
been  developed,  C  arret  and  B  u  r  r  o  w  s.  "*^)  ■ ')  ^s),  later 
Lambert  and  Hanes  ^o^j  ^^7^  worked  intensly  on  the  cul- 
livalion of  malignant  tumours  in  vitro.  —  The  technical 
difficulties  for  keeping  the  tumour  cells  growing  over  long 
periods  of  lime  were  rather  great.  It  was  stated  by  Carrel 
and  Burrows,  that  no  actual  characteristics  were  found, 
that  were  not  also  found  of  some  normal  tissue  cells. 
Not  until  within  the  last  few  years  these  (jueslions  have 
again  been    taken    up   by  several  investigaloi's. 

The  realization  of  many  of  the  said  lu'ohlems  will  mainly 
depend  ujion  an  inqjrovemeni  in  tlie  techni(|ue.  an  under- 
standing  of    tlie    value    of   this    line   of   in\esliuali()ii    and    the 
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knowledf^c  of  Ihc  limitations  of  Iho  method  among  the  in- 
vestigators, it  inusl  be  repeated  that  to  get  a  thorougli  un- 
derstanding of  the  pliysiology  and  patiiology  of  tissues,  it 
is  important  not  only  to  Iveep  the  eells  surviving  in  vitro, 
but  is  more  important  to  deal  with  permanent  strains  of 
the  various  tissue  cells  in  order  to  operate  with  more  clearly 
cut  experiments,  hirst  tluii  wt'  may  exj^ect  that  this  method 
will  bring  clearness  to  ilic  many  mysterious  problems, 
hitherto  unassailable  because  of  the  complexity  of  the  or- 
ganism as   a   whole. 


Cl'LTURE   MEDIA. 


The  iiu'diiiiii  lU'ccssary  loi-  llic  ciillivalion  ol'  lissuc  cells 
oiilsidc  Ihc  body  can  be  .sej)arale(l  iiilo  Iwo  main  compo- 
nents, the  s  u  J)  J)  o  r  I  i  n  f^  a  |)  |)  a  r  a  I  ii  s  o  i-  framework 
and    111  e    g  r  o  \v  I  h-p  r  o  m  o  I  i  n  ii,    s  ii  b  s  I  a  n  e  e  s. 

Il  has  already  been  found  by  se\ci-al  in\('sli<faloi\s  Ihal 
fragments  of  tissue  transferred  to  a  iicpiid  medium  die  very 
soon.  11  is  therefore  of  vital  importance  that  the  cells  find 
some  kind  of  solids  to  migrate  on.  if  not.  the  cells  Ijccome 
spherical  and  succiunb  progressively.  Leo  Loeb  '''  has 
the  credit  for  being  the  first  to  study  the  influence  of  the 
solid  phase  for  the  wandering  of  the  tissue  cells,  and  at  the 
same  time,  indicated  the  mechanism  of  the  cell  migration 
in  regard  to  the  solids.  Later  11  a  r  r  i  s  o  n  -^^i)  showed  the 
necessity  of  the  framework  in  the  culture  medium  for 
the  growth  of  nerve  cells.  E.  riilenhuth  ^■'\.  P.  Rons*^') 
and  myself  ^^^)  observed  llie  changes  of  the  different  cell 
types  into  spherical  forms,  when  the  coagulated  culture 
medium  became  li(piid.  It  is  consetpienlly  necessiwy  to 
have  some  kind  of  support  for  the  cells  in  the  cultures. 
When  Harrison  247)  studied  the  nerve  regeneration  in 
vitro,  he  only  found  growth  when  using  clotted  frog  lymph; 
if  il  remained  lifpiid  no  gi-owth  took  place.  When  Bur- 
rows modified  the  lechnitpie  by  using  blood  plasma  instead 
of  Harrison's  lymph,  the  most  ideal  culture-medium  for 
tissue  cells  was  found.  Il  is  ideal  because  il  is  the  most 
natural    condition    for    the    cells    and    because    it    allows    a 
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Ihoi'Dugli  iiiicroscojjical  exaiiiinalion  on  nccoiml  of  ils  per- 
fect  transparency. 

Frequently  it  has  l)een  endeavoured  to  modify  the  cul- 
ture medium  to  ma]<e  it  simpler,  i.  e..  to  get  a  supj)orling 
material  of  a  more  indifferent  character  and  of  better 
known  composition  than  the  fibrin  meshwork.  Agar,  gela- 
tin, glass  wool,  silk  gauze,  spider  w-ebs,  cotton  tlii'eads,  etc., 
have  been  tried,  and  all  can  be  used  as  a  framework  for 
the  outgrowing  cells,  but  none  of  them  is  able  to  give  sup- 
port for  as  uniform  an  outgrowth  as  does  the  fibrin.  When  it 
so  often  is  referred  to  that  Lewis  and  Lewis  use  so 
simple  a  culture  mediiun  as  Ringer's  solution  or  even  sea- 
w^ater,  it  is  somewhat  confusing.  The  outgrowth  finds  its 
support  on  the  coverslip  itself  and  the  tissue  grows  for  a 
short  time  at  the  expense  of  the  growth-i)romoting  sub- 
stances in  the  tissue  fragment  itself.  These  experiments  ai'e 
often  referred  to,  to  show  how  simple  it  is  to  cultivate  tis- 
sue. For  the  inexperienced  it  may  therefore  be  understood  as 
though  the  cells  can  be  cultivated  in  a  liquid  and  without 
any  nourishing  sul)slances.  The  use  of  the  surface  of  the 
coverslip  as  a  sup])orting  apparatus  is  very  good  so  far,  but 
it  is  not  a  safe  method  to  get  outgrowth  for  any  length  of 
time.  To  get  a  growth  on  the  cover  slip  or  any  other  two- 
dimensioned  support,  it  depends  very  largely  on  the  con- 
tact of  the  tissue  with  the  su]3por[;  mostly  those  cells 
which  arc  in  direct  contact  with  the  glass  will  migrate.  It 
is  different  when  the  tissue  is  imbedded  in  the  plasma 
clot  and  perfectlj^  surrounded  by  a  fine  meshwork;  then 
there  will  always  be  a  sufficient  and  good  contact  between 
the  cells  and  the  supporting  apparatus.  The  fibrin  clot  can 
be  considered  as  a  fine  sponge  of  fibrin  threads  nolding 
the  liquid  in  its  meshwork.  In  between  these  two  phases  of 
liquid   an(i   solid,    the   tissue  cells  migrate. 

This  fibrin  system  seems  to  be  unsurpassed  as  a  culture 
medium  for  the  cells.  The  fibrin-threads  do  not  show  up 
in  the  microscope  and  it  is  therefore  an  excellent   transpa- 
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rent  gel  ol"  such  :i  fibrillar}'  consli'iirlion  thai  will  he 
difficult    U)    iiiiihilc    in    niiN'    ollu-i'   way. 

ll  has  oflni  ix'c'ii  essayed  lo  use  cilhcr  ifclaliii  or  aj*ai' 
in  lissuc  cuHuih's  and  it  has  been  fi('(|ii(nll\  staled  in  llie 
lileralure  thai  Ihe  tissue  cells  will  grow  in  agar.  Leo 
L  o  e  b  '"-  claimed  that  he  observed,  foi'  instance,  an  in- 
growth of  different  tissue  cells  in  agar  in  \i\()  and  in  vitro. 
The  L  e  w  i  s's,  I  n  g  e  b  r  i  g  I  s  e  n  -'= '  and  others  observed 
the   same   thing. 

In  experiments  made  by  myself*  in  trying  lo  cultivate, 
fibroblasts  in  xitro  in  agai*  and  gelatin.  1  found  that  the 
tissue  celh  are  iniable  to  grow  in  agar  or  in  agar  mixed 
with  embryonic  tissue  juices  or  serum  as  I  n  g  e  b  i*  i  g  t  s  e  n 
269)  observed  it.  The  agar  material  is  of  (juile  another  struc- 
ture than  the  fibrin  coagulum.  Agar  is  a  dense,  impenetrable 
mass,  not  of  the  same  spongy  nature  as  the  fibrin  clot,  but 
of  agar  hydrate  nature;  the  water  is  much  more  closely 
bound  and  can  not.  for  instance,  be  squeezed  out  as  in 
the  case  of  the  fibrin  coagulunii.  1  have  often  seen  the  growth 
of  fibroblasts  in  agar  and  different  mixtures  of  agar  and 
other  substances,  but  by  careful  observation  1  alw  ays  found 
the  growth  as  a  surface  growth  in  between  the  solid  agar 
surface  and  the  liquid,  whatever  it  may  be,  serum  or  tissue 
juice;  or  I  could  observe  a  growth  apparently  in  the 
agar,  bid  it  was  found  to  occur  onh'  when  the  agar  mass 
was  broken  into  pieces  and  the  cells  were  tiien  found  to 
be  located  in  between  the  solid  agar  and  the  fluid  serum.  In 
I  n  g e  b  !•  i  g  t  s  e  n's  -69)  experiments  agar  was  mixed  with  se- 
rum at  a  temperature  of  50  °C.  for  instance,  and  at  that 
temperature  the  fluid  agar  does  not  form  a  suitable  mixture 
with  a  liquid,  the  agar  will  then  consist  more  or  less  of 
lumps  of  agar  and  fluid  apparentlj^  mixed.  This  experi- 
ment and  interpretation  of  this  artificial  growth  of  tissue 
cells  in  agar  suggested,  that  if  we  could  make  an   artificial 
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mixture  of  gelatine  and  agar,  i.  e..  agar  which,  for  instance,, 
contained  gelatin  evenly  and  mechanically  distributed,  then 
probably  the  tissue  cells  could  be  (successfully)  cultivated. 
The  ide-;!  was,  that  at  the  temperature  of  the  incubator, 
'39 "  C;  the  gelatin  would  become  fluid  in  a  meshwork  of 
agar  and  thus  allow  the  cells  to  grow  in  between  the  lifpiid 
gelatin  and  solid  agar.  These  experiments  were,  however, 
not   at    all    successful. 

From  these  experimenls  it  would  be  concluded  that  it 
is  not  true  that  growth  of  tissue  cells  can  take  place  in 
agar  as  such,  only  on  the  free  surface  under  cover  of  a 
liquid  film.  The  explanation,  therefore,  why  several  investiga- 
tors such  as  Leo  L  o  e  b,  Lewis  and  Ingebrigtsen 
have  seen  growth  in  agar  is  simply,  that  they  have  taken 
the  surface  growth  for  an  infiltration  growth  in  the  agar 
itself  Leo  L  o  e  b  describes  the  penetration  of  epithelial 
cells,  for  instance,  in  the  agar;  the  agar  has  probably,  in 
the  in  vivo  experiments,  got  some  more  oi*  less  minute 
cracks  into  which  the  lymph  has  been  soaked  and  therefore 
created  a  medium  for  the  ingrowth  of  the  cells.  I  then 
tried  to  crush  the  clotted  agar,  and  by  adding  a  liquid  such 
as  embryonic  tissue  juice  or  serum  to  the  fine  agar  par- 
ticles, a  growth  could  be  obtained.  This  method  did  not  seem 
to  have  any  advantages  because  of  the  much  slighter  trans- 
parency of  the  medium  for  microscopical  purposes  and 
the  uneven  growth. 

It  was  found  in  my  ex])eriments  that  the  quantitj'  of 
liquid  added  to  the  agar  particles  was  most  determining  for 
the  outgrowth  of  cells.  If  there  was  an  excess  of  liquid  no 
growth  took  place,  but  if  there  was  added  just  enough  to  cause 
the  li((uid  to  stick  by  capillai'y  suction  to  the  surface  of  the 
particles,  an  outgrowth  of  cells  occurred.  The  same  pheno- 
menon was  later  observed  by  using  other  solids  as  a  support- 
ing apparatus  (cotton,  glass-wool).  There  seems  to  be  an  im- 
portant connection  with  the  surface  forces  and  the  migra- 
tion of  cells  which  also  has  been  observed  bv  other  investi- 
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gators.  The  surface  ol'  :i  li(|iii(l  is  siilTicicnl  support  for 
the  nii<*ralion  of  cells  This  |)lu  iioiucruui  can  he  sccu  very 
often  whih  workiuL*  with  lissue  <'nllures.  II  vaw  he  seen 
how  tissue  cells  ai"e  ahle  to  i^i-ow  on  the  \'rvv  suiiace  of 
the    licjuid. 

The  growth  of  tissue  cells  is  closely  coniiecled  \\itli 
surfaces,  and  the  fihrin  clot  can  therefore  he  considei-ed  as 
an  enormous  surface  of  tlu'  fihrin  c'ox'ered  willi  a  thin  lilni 
of   li(juiil    i)y    means    of   ca|)illary    suction. 

In  some  other  e\|)erimenls  I  tried  elderherry  |)ith  as  a 
support  U)V  llie  gi-owth  of  fihrohlasls.  'j'hin  (hscs  of  the 
pilli  were  l)r()uglil  to  float  in  the  licphd  emhryouic  lissue 
juice  and  the  lissue  fragment  was  |)laced  on  this  moist 
surface,  (irowth  look  place  on  this  surface  (piile  extensively 
and  tlie  disc*  was  removed  from  the  tissue  juice  after  l<S 
liours  in  tlie  incul)alor.  washed  in  Ringers  solution  and 
made  to  float  again  on  fresh  juice.  In  this  way  the  tissue 
could  be  kept  alive  foi-  a  long  period  nu'rely  by  changing  the 
liquid  medium.  In  llie  meanlinu'  the  pith  did  not  prove 
to  be  very  good  h)r  microscopic  examinalions;  it  had  to 
be  sectioned  and  stained  if  it  was  to  be  subjected  to  a 
tliorough  microscopic  examination.  The  utility  of  this  method 
would,  perhaj)s,  be  found  when  it  is  necessary  to  grow 
tissue  on  the  same  suj)porting  apparatus  for  a  long  period 
to  study  a  possible  changing  organization  during  a  con- 
stant renewal  of  the  nourishing  aiid  gr!)wlh-|)romoling  sub- 
stances. 

Oilier  malei'ials  hax'c  been  tried  as  frame  work  for  the 
lissue  growth.  II  a  r  r  i  s  o  n  251)  used  spider-web;  (barrel 
used  silk  gauze  and  hair  and  I  have  used  ordinary  adsorbent 
cotton.  All  these  substances  can  he  successfully  used  as  a 
framework  hul  the  outgrowth  always  de|)en(ls  on  the  pri- 
mar}'  contact  between  the  tissue  fragment  and  Ihe  material. 
For  a  quantitative  study  of  the  rate  of  growth  these  sub- 
stances cannot  very  well  be  used  because  of  tlie  many  in- 
cidental errors. 
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To  get  ii  good  growth  on  those  substances,  it  is  important 
to  take  two  things  into  consideration,  namely  the  contact 
b  e  t  \\  e  e  n  the  tissue  and  its  su|)|)oi't  and  I  li  c 
amount  of  fluid;  Jus!  enough  fluid  that  can  be  held 
in  capillary  suction  of  th(>  sup|)orting  material,  gives  tlie 
best  results.  It  looks,  as  if  the  cells  ai*e  forced  to  migrate 
when  they  ai'e  under  influence  of  capillary  or  surface 
activity. 

The  significance  of  finding  other  substances  which  can 
be  substituted  for  the  fibiMU  in  the  culture  medium  is 
evident.  Untler  conditions  of  experiment  it  is  often  ne- 
cessary to  treat  the  culture  medium  in  ways  which 
would  affect  the  coagulation  of  the  plasma.  Some  me- 
thods of  treatment  result  in  the  coagulation  not  taking 
place,  and  consefiuenlly  no  outgrowth  occurs.  Therefore, 
we  are  at  present  in  that  resjiect  limited  in  our  study  of 
the  growth,  i)henomena  to  such  conditions  only  which  do 
not  interfere  with  the  coagulating  process.  A  typical  example 
can  be  brought  to  notice  here.  It  is  impossible  to  study 
the  rate  of  growth  in  culture  media  with  a  hydrogen  ion 
concentration  over  Ph.  5  and  below  Ph.  8,5  i^o).  Only  within 
the  limit  of  Ph.  5 — 8,5  a  fairly  good  coagulation  takes 
place.  Therefore  it  would  be  important  to  find  another  sup- 
porting substance  for  the  growth  of  tissue  cells  when  such 
problems  are  to  be  investigated. 

In  making  several  attempts,  and  especially  by  using 
cotton  threads  as  supporting  material  ^^^\  very  interesting 
observations  were  made.  There  is  no  difficulty  in  getting 
a  good  outgrowth  of  cells  by  using  a  little  piece  of  absor- 
bent cotton  and  a  drop  of  embryonic  tissue  juice.  The 
cells  grow  out  on  the  cotton  threads  and  often  the  growth 
may  be  so  extensive  that  the  oi)en  meshes  in  between  the 
threads  are  filled  up  with  cells,  and  by  careful  examination 
it  is  found  that  the  cells  grow^  on  the  liquid  film  which  by 
surface  tension  is  held  in  the  meshes,  (Fig.  1;.  The  experi- 
ments mentioned  here,  suggested   that  if  the  cotton  threads 
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could  1)1'  nuidc  so  sliorl  lli;il  I  hey  only  would  conliuu  one  or 
a  few  cells.  Ihcsc  cnllnrcs  could  he  used  lor  ohlaininjj;  pure 
culluri'.-.  IVoni  one  sinftle  cell  In  ollici-  words.  Ihe  i;ro\vtli  on 
fine  cul  cotloii  llu'cnds  ukkIc  il  possible  |o  ;ispirale  llu' 
whole    li(|uid   cullure  and    dislribiile    Ihe   snudl    collon    pieces 


ng.    1. 

Fibroblasts  growing  in  a  meshwork  of  cotton  threads  in  a  drop  of  embryonic 

tissue  juice.  From  Journ.  of  Exp.  Med.   1923,  XXXVIIl.  667. 


including  the  growing  cells,  in  a  fixed  niediuni.  thereby  ob- 
taining colonies  of  tissue  cells  as  is  done  with  bacteria. 
1  succeeded  very  well  in  getting  isolated  cells  in  ttial  way. 
but  an  outgrowth  of  new  cells  from  a  single  individual  was 
never    observed.    This    phenomenon    will    be    discussed      in 
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another  chapter.  It  may  be  mentioned  here,  however,  in 
connection  with  the  discussion  of  the  relation  of  sohd 
frameworlv  to  the  cell  growtli  and  the  cell  shaj)e,  that 
as  soon  as  the  cotton  Ihreads  are  as])irated,  the  remain- 
ing cells  in  part  of  the  drop  of  tissue  juice  on  the  cover- 
slip  immediatelj'  become  spherical.  The  remaining  cells  con- 
tracted and  agglutinated  to  an  aggregation  of  round  cells 
9  and  looked  like  leucocytes.  Also,  the  cells  asi)irated  in  the 
pipette  and  distributed  in  the  plasma  which  latei'  coagu- 
lated were  all  spherical,  but  nevertheless  alive,  with  a 
lively  ameboid  movement  and  they  appeared  later  in  the 
clot    as   typically   spindel-shaped   fibroblasts. 

THK  (;r()\\'th  promoting  substances. 

II  has  been  known  for  a  long  time  (Carrel,  1913)'^'^) 
that  the  culture  medium  consisting  of  coagulated  plasma 
only,  was  not  sufficient  to  keep  the  tissue  cells  alive  in 
vitro  during  long  periods  and  just  recently  Carrel  and 
E  b  e  1  i  n  g  f  1921)  •*-)  ^^)  have  shown  that  even  the  homolo- 
gous serum  has  an  inhibiting  influence  on  the  rate  of  growth 
of  fibroblasts.  In  other  words,  the  indefinite  multiplication 
of  fibroblasts  is  due  neither  to  the  fibrin  nor  the  serum,  but 
lo    substances    contained    in    the    embryonic    tissue   juice. 

In  media  composed  of  a  constant  amount  of  fibrin  and 
a  mixture  of  Tyrodes  solution  and  serum  in  varied  concen- 
trations. th(^  amount  of  growth  appeared  to  be  independent 
of  the  concentration,  and  even  of  the  presence  of  serum, 
According  to  Carrel  and  E  b  e  I  i  n  g  ^^^ )  neither  serum 
nor  fibrin  is  utilized  by  the  cells.  Carrel  ^^)  found,  that 
Ihe  rate  of  growth  of  fibroblasts  grown  in  fibrin  fixed  in, 
formaldehyde  solution  did  not  differ  from  that  in  normal 
fibrin,  AA  hen  fragments  of  the  old  strain  of  fibroblasts 
were  cultivated  in  media  containing  a  constant  amount  of 
serum  and  fibrin,  and  the  concentration  of  embryo  juice 
was  varied,  the  rate  of  growth  was  found  lo  be  a  function 
of  the  concentration  of  the  embryonic  juice  in  the  medium. 
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And  it  has  hccii  sliowii  l)y  C  a  r  i*  c  1  and  Iv  I)  c  1  i  n  j^  os^  di^ 
that  till'  inliil)ilin^  iiiriiicncc  ol'  homo  or  hclcM'o<»('nic  ])las- 
ma  xarit'd  in  inverse  ratio  to  llie  aj^e  ol  the  animal  from 
whieli  the  phisma  was  taken.  Tlie  (U-crease  in  tlie  i"atc 
of  growth  was  ,")()  pel"  cent  during  llie  first  three  yeai's  of 
life,  whereas  in  llie  l'oih)wing  six  years  it  was  only  .{()  per 
cent.  Also  the  duration  of  life  of  the  fihrohiasts  in  vitro 
varied  in  invei'se  ratio  to  the  age  of  the  animal  and  (U-ereased 
more  ra])i(lly  than  the  age  increased,  h'rom  tiiose  ex|)eri- 
ments  it  was  also  eoneluded  llial  during  the  course  of  life 
an  increase  of  the  inhihitory  factor  takes  place,  and  nol 
a  loss  of  an  accelerating  one.  It  can  therefore  be  emphasized 
Ihal  tlu>  substances  which  greatly  accelerate  the  nuilli plica- 
lion  of  fibroblasts  are  found  in  the  tissue  cells  themselves, 
and  do  nol  exist  in  the  blood  serum. 

Carrel  li)  12"^  ■''•')  has  shown  that  extracts  from  various 
tissues  increased  the  rale  of  growth  of  fibroblasts  very 
markedly.  It  was  shown  that  extracts  of  embryos,  of  adult 
spleen  and  of  R  o  u  s  chicken  sarcoma*)  had  a  marked  in- 
creasing effect  on  the  rate  of  multiplication  of  fibroblasts.  Se- 
veral years  later  Carrel  and  Ebeling  |)rove(l  that  the 
embryonic  tissue  juice  was  able  to  cari-y  on  an  indefinite 
multiplication  of  fibroblasts  in  vitro.  In  his  early  publica- 
tion in  l!)l.'l  ..Ai'tificial  acli\ation  of  growth  of  connective 
tissue",  Carrel  ^«)  showed  that  the  activating  power  of 
the  embryonic  juice  was  reduced  when  heated  to  :")()  C. 
and  removed  when  heated  at  70  C.  By  filtration  through 
a  Berkefeld  filtei*  the  activation  power  was  decreased 
markedly  and  completely  sui)pressed  by  filtration  through 
a  Chamberlands  filter.  These  simple  treatments  of  the 
activating  substances  (tissue-juice)  shows  tliat  the  nature 
of  those  substances  is  very  unstable. 

As  indicated  by  Carrel  •'^'^^  in  his  pa|)er  on  the  arlifi('ial 


*)  In  a  recent  publication  Carrel  ■?'^)  claims  that  tfie  growtfi-promo- 
ting  effect  of  tlie  extract  of  Rous  sarcoma  is  only  apparent,  and  it  is  not 
able  to  promote  tlie  growth  of  fibroblasts  indefinitely. 
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activation  of  tissue  growth,  it  would  he  cxlrcmoly  inloresling 
and  even  practically  usctul  it  such  substances  could  i)c  isola- 
ted. Firstly,  the  mechanism  of  i^rowlli  could  be  understood 
and  secoudly.  processes  of  I'epair  could  be  accelerated.  As 
Carrel  ■"^)  stated:  -If  the  rale  of  the  reparation  of  tissues 
were  activated  ten  tiuu's  ouly.  a  cutaneous  wound  would 
heal  in  less  than  twenty-four  hours  and  a  fraclui'e  of  the 
leg  would  be  cured   in  four  or  five  days". 

As  the  experiment  of  C  a  r  r  e  1  showed,  that  healing  of 
the  activating  substances  to  .")<)  C.  diminished  the  activating 
power  and  that  even  a  fillralion  through  aBerkefeld 
filter  resulted  in  much  less  activating  substances.  I  would 
imagine  that  the  questionable  substances  would  be  difficult 
to  isolate  or  separate  on  account  of  its  lability.  Although 
there  was  only  a  slight  h()i)e  of  getting  hold  of  substances 
or  i)ortions  of  the  tissue  juice  which  had  a  still  more 
activating  power  on  the  growlli  of  tissues  when  separated 
from  certain  indifferent  or  growth-inhibiting  substances  in 
the  tissue  juice,  it  was  worth  while  to  undertake  such 
experiments  in  order  to  get  some  ideas  or  suggestions  as  to 
the  nature  of  those  substances. 

A  few  investigators  have  already  tried  to  cultivate  tis- 
sue cells  in  media  with  known  composition.  Lewis  and 
Lewis  337^3.00)  Y\r^y^.  ^^^^,^1  different  salt  solutions  (sea- 
water,  Locke's  solution  and  several  modifications).  As  men- 
tioned before,  these  inorganic  solutions  are  not  nourishing, 
but  protective,  and  consequently  cannot  be  used  as  culture 
media.  O.  Swezy  i^")  cultivated  fibroblasts  in  culture  me- 
dia consisting  of  egg  albumin  and  Ringer's  solution.  It  has 
not  been  possible  to  keep  the  tissue  alive  in  those  media  for 
any  noticeable  length  of  time.  Burrows  and  C.  A.  N  e  y- 
mann  w)  added  to  the  i)lasma  medium  carbohydrates,  fats, 
])eptones  and'a-amino  acids.  They  did  not  observe  any 
activation  of  the  growth;  on  the  contrary,  it  was  observed 
that  2—5  ])er  cent  peptones  |)repared  from  the  egg  yolk 
had    no    effect    and    the    addition    of  a-amino    acids    on    the 
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contrary  liad  n  toxic  cited  on  llic  tissue  cells.  In  tne  ex- 
piMiineiils  care  was  naturally  taken  to  keep  the  culture 
medium  isotonic. 

The  influence  of  extracts  from  various  tissues,  from  em- 
bryonic as  well  as  adult  tissues,  has  been  tried  in  the  cul- 
tures (C  a  r  r  e  1  ^•^).  W  a  1 1  o  n  ^^'').  As  known.  ("-  a  r  r  e  1  found 
that  extracts  of  ail  (lifrcrenl  kinds  of  tissues  actixalcd  llic 
growth  of  fil)r()l)lasls.  The  di'gri'e  of  acceleration  \aried 
much.  Mmhryonic  tissue  extract  was  the  most  active,  and 
extracts  of  adult  s|)leen  and  Hie  \\  o  u  s  sarcoma  were  almi)s> 
as  active  as  Hie  extract  of  chicken  emi)ryos.  The  effect  of 
extracts  of  the  thyroid  gland  and  muscle  of  the  dog  on  the 
growth  of  periosteum  was  very  marked,  hul  thyroid  exii'act 
was  more  active  than  muscle  extract.  Carrel  already  ob- 
served before  he  worked  with  tissue  cultures,  that  i)ulp  of 
embryonic  tissues  placed  in  an  open  wound  I'esuited  in  a 
rapid  cicatrication.  Also  \\alton  '"")  tried  the  effect  of 
extracts  of  various  tissues  on  the  growth  of  mammalian, 
tissue  in  vitro.  He  found  thai  most  extracts  stimulate  the 
growth  and  that  an  extract  of  the  liver  has  an  inhibiting: 
effect.  Very  recently  (barrel  •'^)  has  shown  that  an  ex- 
tract of  leucocytes  has  a  marked  activating  effect  on  the 
growth  of  fibroblasts  and  that  leucocytes  in  culture  are 
secreting  substances  which  activate  the  gi-owth  of  fibro- 
blasts. fTrephones).  '^^). 

PHYSICO-CHEMICAL  STUDY  OF  THE  NATURE  OF  THE 
GROWTH-PROMOTINCx   SUBSTANCES. 

To  understand  the  mechanism  of  growth,  it  would  be 
necessary  to  investigate  the  nature  of  the  growth-promo- 
ting substances.  If  we,  for  instance,  were  able  to  isolate 
the  factor  which  increases  the  velocity  of  cell  multiplication, 
many  hitherto  unknown  phenomena  could  be  understood 
and   processes   of  repair  could   i)robal)ly   be  accelerated. 

I  began  therefore  to  treat  the  embryonic  tissue  juico 
in    different    wavs,    to    break    it    down    bv    various    chemical 


45 

operations  to  see  if  it  was  possible  to  concentrate  its  action 
by  either  evaporation  to  dryness  and  resolving  it  in  small 
quantities  of  liquids  or  by  making  tractions  of  the  pro- 
teins in  the  tissue  extract  according  to  the  generally  known 
chemical  principles  .  Most  of  these  experiments  gave,  how- 
ever, negative  results,  but  Iney  are  anyway  rather  valuable 
because  they  contribute  to  characterize  these  substances 
and  furnish  a  base   for  further  experimentations. 

The  material  I  used  for  all  the  experiments,  was  tissue 
juice  prepared  from  fresh  chicken  embryos.  The  tissue 
juice  was  prepared  in  the  usual  way  as  it  designedly  is  done 
for  the  culture  medium.  Seven  to  ten  days  old  chicken  em- 
bryos were  hashed  up  to  a  fine  pulp  with  a  pair  of  scissors; 
the  pulp  is  cenlrifuged  and  the  supernatant,  clear,  s,lightly 
mucous  fluid  is  drawn  off  with  a  pipette.  The  fluid  may 
simply  be  termed  the  •extract".  At  other  times  the  extract 
was  prepared  in  a  slightly  different  way.  To  the  embryo?: 
were  added  kieselgur  and  Ringer  solution  and  they  were 
ground  in  a  mortar.  It  was  found,  that  the  extract  ob- 
tained  by  the  latter  method  possessed  a  much  less  activating 
power  than  did  the  extract  obtained  by  cutting  the  embryos 
into  small  pieces  with  scissors.  This  fact  agrees  very  well 
with  the  observation  made  on  fresh  embryonic  extract, 
that  it  loses  greatly  its  activity  by  merely  shaking  for  some 
length  of  time.  Carrel  and  E  b  e  1  i  n  g  ^^)  observed  also 
that  serum  being  shaken  for  some  time  lost  a  good  deal 
of  its  activity.  It  is  probable  therefore  that  the  grinding  with 
sand  or  kieselgur  effects  the  substances  in  a  similar  way  as 
does  the  shaking.  This  shows,  however,  that  the  growth  pro- 
moting substances  must  be  of  an  extremely  unstable  nature. 
The  first  method  was  therefore  selected  for  the  prepara- 
tion of  the  embryonic  tissue  juice.  The  old  strain  of  fibro- 
blasts 16*)  (ten  years  old)  was  used  as  a  reagent  in  the 
chemical  experiments.  Special  techniques  were  developed 
for  working  aseptically  during  the  different  chemical  and 
physical  manipulations. 
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/.     I'AXiporalion. 

'I'hv  cxlracl  \\;is  placed  in  a  thin  layci"  in  w  alcli-^lasscs 
and  c'vaporaU'd  lo  dryn<'ss.  The  e\a|)(»i  ali(»n  was  done  in  dis- 
sicalors  under  vacuum  and  conceiilialed  sul|)huric  acid  or 
calciimi  chloi'ide.  II  look  usually  IVoni  'A  lo  .">  hours  until 
11  was  ahsoluleiy  dryed  u|).*  Il  is.  ol  course,  inipoi'lanl 
that  Ihe  e\aporalion  processes  does  not  last  Ioul;  Ix-cause 
the  aclioii  ol"  sail  concentration  may  harm  the  delicate  sub- 
stances. Tlie  dry  exti'acl  was  dissoh'cd  in  R  i  n  f.(  e  i'  solution 
in  dilTerenl  concentr  itions.  Cullui'es  with  extract  ol  the 
original,  wliich  had  no!  heen  treated,  served  as  controls  for 
the   cultures    to    which    these   extract    solidions   were   added. 

The  result  ol"  these  experimenls  was,  that  the  jfrowlh- 
|)romolin<.;  substances  had  lost  greatly  in  actixity  by  the 
eva|)oralion.  even  wlien  the  dry  exti'acl  was  dissohcd  in  a 
smaller  (pianlity  of  li(|ui(l  than  that  in  svhich  il  originally 
was  dissolved. 

"2.     Precipilalion  c.vperimenls. 

I^xpei'iments  were  imderlaken  lo  isolate  the  dillei'cnt 
globulins  and  albumins  in  llie  tissue  juice  aftei-  the  well- 
known  chemical  [)rincii)les  and  measure  the  power  ol'  ac- 
tivation of  the  different   fractions  on  cultures  of  fibroblasts. 

Ammonium  s  ii  1  p  li  a  I  e  was  used  as  a  prccipilanl 
in  a  series  of  experimenls.  The  extract  was  diluted  equal 
lo  its  own  volume  with  Ring  e  r  solution  and  half  satura- 
ted with  (NIl4\.S()|.  The  solution  was  then  centrifuged  and 
llu'  pi'ecij)ilates  washed  with  destilled  water  until  the 
ammonium  sulphate  was  removed.  The  precipitates,  which 
represented  the  globulins,  wei'c  dissolved  in  a  certain 
amount  of  Ringer  solution.  This  solution  was  added  lo 
the  culture  medium  and  the  rate  of  growth  of  fibroblasts 
determined.  As  controls  served  fibroblasts  from  the  same 
fragments    as    used    in    the    culture    of   the   experiment,    but 


*)  Quite   recently,    experiments  of  evaporating  ttie  embryo  extract  in  a 
very  quiclt  way  (a  few  seconds)  did  not  give  any  better  results. 
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culllvalcd  in  ])iirc  plasiiiM  wifhoiil  addition  of  any  I'xlracl 
but  dihilod  with  Ringer  solution  to  conipcnsalt'  the  dilu- 
tion of  the  experimental  culture. 

The  cultures  to  whicii  the  globulin  IVactiou  was  added, 
showed  slightly  more  growth  than  (\u\  the  control  cultures 
in  j)ure  plasma.  In  other  words,  only  a  small  portion  of  the 
growth  j)rom()ting  sul)slances  I'emained  in  the  globulin 
fraction. 

The  albumins  wei'e  obtained  by  saturation  with  yVm- 
monium  sulphate  of  the  filtrate  from  the  globulins  and  the 
ammonium  sulphate  removed  l)y  dialyzation.  This  fraction 
did  not  show  any  activating  power  at  all.  Similar  results 
were    obtained    by    C  a  r  r  e  1    for    the   serum   albumins. 

It  is  probable  that  the  chemical  procedures  are  rather 
rough  and  have  a  destroying  effect  on  the  growth  promo- 
ting substances.  It  seems,  however,  that  the  active  substan- 
ces are  to  be  found  in  the  globulin  fraction.  This  was  also 
expected  from  the  experinu'uts  made  by  Carrel  and  E  b  c- 
ling  1"-;.  They  found,  that  the  active  substances  of  serum, 
could  be  detected  in  the  globulin  fraction. 

It  was  important  to  find  other  methods  of  ju'ecipitalion 
being  less  aggressive  to  the  growth  promoting  substances. 
By  using  carbondioxide  as  a  precipitant  for  the  preparation 
of    the    globulins,    we    found    a   method    more   suitaljle. 

3.     Carbondioxide  precipiialion  of  the  globulins. 

The  extract  was  diluted  from  four  to  twenty  times  with 
redistilled  water.  Kept  at  0"  C..  C(L  was  allowed  to  trickle 
through  the  solution  for  about  half  an  hour.  The  [)recipitate 
obtained  after  centrifuging  was  washed  in  water  saturated 
with  COj  at  0  C.  After  being  washed  that  way,  it  was  im- 
mediately after  dissolved  in  Ringer  solution  and  brought 
up  to  the  original  volume,  and  the  hydrogen  ion  concen- 
tration adjusted  to  about  Ph.  7.  The  filtrate  from  the  glo- 
bulins was  evaporated  at  40  °C.  to  its  original  volume. 
This  fraction  contains  the   albumins. 
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Till'  ofrccl  ol'  the  ^lohiilins  .iiid  iilhiiiiiiiis  ohtnincd  !)>• 
prec'ipihilion  witli  CO..  |)i'()\f(l  to  he  siiqhily  more  acliNC 
than  tile  «^l()l)ulins  ohlaincd  l)\  prccipitalion  wilii  XH,  .SO,. 
I-'i'om   llu'  tahic  1   such  an  cxpcrinu'iil   can   he  seen. 


Tabic  1. 
Hxperiment  N 

o.  1)4. 

Culture  No. 

Abi 

solute  increase 
after  48  h. 

e 
c 

Control 
Globulin 

2243—1 
2243—2 

2244—1 
2244—2 

5,17 
2,6 

0,5 

Control 
Albumin 

4,5 
1,0 

0,2 

To  the  conlrol  culliires  were  added  the  ()ri<,niial  untrealed 
exlract.  The  total  nitrogen  was  determined  of  the  original 
extract  and  of  each  of  the  two  fractions  containing  the  glo- 
bulins and  alhiiinins.  (Table  2.) 

Table  2. 


Fraction 


Per  cent 
Total  nitrogen. 


Original  extract  0,126 

Globulin  0,047 

Albumin  0,062 


4.     Alcohol  precipilation. 

Several  other  methods  were  used  for  precipilating  Ihe 
different  proteins,  but  without  any  remarkable  i-esulls.  The 
method  which  gave   the  best  results  must  be  mentioned. 

To  the  embryonic  tissue  juice  was  added  !).">  pei-  eenl  al- 
cohol until  a  precipitate  appeared  which  was  (piiekly  removed 
by  cenlrifuging,  shaken  with  ether  in  order  to  I'emove  the 
alcohol  and  resolved  in  Ringer  solution.  II  is  important 
to  separate  the  precipitate  quickly  from  the  bulk.  If  not. 
the    proteins    will    denaturate    and    be    difficult    to    bring    in 
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solulioii.  (' ill' I- el,*  who  had  the  opportunity  of  trying 
Ihcse  alcohol  |)i\'('ipilatc's  in  the  culture,  slated  Ihal  Ihey 
increased  Ihe  rale  ol'  i^i'owlh  nearly  as  much  as  the  fresh 
extract,  a  fact  to  wliich   1   also  subscribe. 

Encouraged  by  these  experiments,  I  attempted  to  develop 
a  method  by  which  it  could  perhaps  be  ])ossiblc  to  frac- 
lionize    differenl    proteins    by   alcohol    precipitation. 

1 1  is  known,  that  Ihe  solution  oi'  colloidal  system  of 
proleins  is  very  unslable  close  to  Ihe  i.so-electric  point.  If 
Ihe  hydrogen  ion  concentration  of  the  solution  of  a  protein 
is  near  Ihal  of  the  isoelectric  point  of  the  protein,  the 
physico-chemical  equilibrium  is  unstable  and  a  very  little 
disturbance  of  any  kind  is  able  to  bring  about  a  precipi- 
tation. Il  is  known  from  1.  oeb'^'^;  Ihal  al  the  iso-eleclric 
point  Ihe  alcohol  number  is  very  low;  i.  e.,  a  relatively 
small  amount  of  95  jier  cent  alcohol  is  able  to  give  a  pre- 
cipitation close  lo  the  isoelectric  point  of  the  protein.  At  the 
same  lime  as  the  alcohol  number  is  at  its  minimum.  Ihe 
conductivity,  osmotic  pressure  and  swelling  also  attain  a 
minimum  at  the  iso-electric  point. 

II'  we  assume  thai  tlie  body  juices,  in  this  case  the  em- 
bryonic tissue  juice  and  blood  plasma,  are  built  up  of  series 
of  more  or  less  definite  proleins  with  different  iso-electric 
points,  we  would  expect,  that  at  different  hydrogen  ion  con- 
centrations, we  would  be  able  to  precipitate,  by  a  certain 
amount  of  alcohol  those  of  the  proteins  which  are  nearest 
Ihe  iso-electric  point  at  the  given  Ph. 

Experiments  of  this  kind  were  made  in  the  following, 
way.  Series  of  nine  test  tubes  contained  5  c.  c.  each  of 
freshly  prepared  embryonic  tissue  juice.  5  c.  c.  of  standard 
buffei'  solutions  with  different  Ph.  were  added,  so  that  the 
extract-buffer  mixtures  all  got  a  different  hydrogen  ion  con- 
centration, which  varied  from  Ph.  5,6  to  7.5.  To  all  of 
these  tubes  were  added  95  per  cent  alcohol  in  quanlities  just 
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sufficicMil  lo  obtain  a  i)ivci])ilal(v  Tliis  was  removed  (juickly 
by  centiMfuginfT  aiul  washed  Iwice  with  ellier  and  dissolved 
ill  .")  c  (•  ol"  H  i  n  j«  e  r  solulion.  The  rale  of  ^rowlii  ol'  libro- 
blasls  1^10  years  old  strain  "'  was  delermiiied  lor  the  dif- 
ferent fractions  added  to  the  culture  medium  As  controls 
served  the  orij^inal  extract. 

From  table  'A  it  can  be  seen,  that  the  hJLfher  the  acidity 
is,  the  lower  is  the  alcohol  nund)ei-.  It  can  also  be  seen, 
that  the  transparency  of  the  redissolved  alcohol  precipitate 
is  highest  at  Ph.  6,8,  at  which  reaction  the  precipitate  was 
easiest  to  bring  lo  solution.  The  effect  of  the  different 
protein  fractions  on  the  rate  of  growth  is  such,  that  it  in- 
creases markedly  with  the  increasing  alcohol  number  and 
decreasing  hydrogen  ion  concentration  up  to  a  certain  point, 
viz:  to  the  normal  reaction  of  the  tissue  juice  at   Ph.  0.8. 

Table  3. 


No. 


C.  C.        Pti.ofSc.c. 
Embryonic      Buffer 
Tissue         solution 
Juice.  added. 


1 

5,0 

2 

5,0 

3 

5,0 

4 

5,0 

5 

5,0 

6 

5,0 

7 

5,0 

8 

5,0 

9 

5,0 

nu     s  ^^■  ai     u  i        Grade  of 

Pti.  of  Mix-  Alcotiol    ™  , 

ture  of  Tissue  Number  ^  ^ 

Juice  andBuf-         in 

fer  solution.  C.  C. 


4,0 
4,6 

5,2 
5,8 
6,6 
7,0 

7,8 
8,4 
9,0 


5.6 
5,8 
6,0 
6,2 
6,8 
6,8 
7,2 
7,3 
7,5 


3,5 

5,5 

6,0 

7,5 

9,5 

11,0 

11,5 

14,0 

16,0 


of 

Re-Dissolved 

Precipitate. 


XXXX 

XXXX 

XXX 

XXX 

XX 

X 

XXXX 

XXXX 

XXXX 


Relative 
Increase 
of  Growth 
of  Fibro- 
blasts. 


0,07 

0,8 

1,3 

1,8 

0,9 

2.4 

0,6 

0,8 

0,03 


X  =-  transparent,  clear. 
XXXX  =  higlily  intransparent. 


This  experiment  does  not  seem,  I  believe,  to  indicate,  that 
we  by  this  method  get  precipitation  of  different  proteins.  If 
this  should  have  been  the  case,  we  would  not  have  got  such 
great  differences  in  the  alcohol  number  and  would  have  ob- 
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taincd  a  i)rccipiUitc  by  almost  the  same  amounl  of  alcohol 
in  all  the  tubes.  Plotted  in  a  curve,  the  alcohol  number  of 
the  extract  under  different  hydrogen  ion  concentration  gives 
almost  a  straight  line,  (Fig.  2.).  The  differences  in  the  growth- 
indexes  obtained  may  very  well  ])e  explained  as  a  result 
of  the  different  solubilities  of  the  acid-  and  alkali  proteins 
produced,   rather   than  it  should  be  explained  as  the  result 


0       12       3        4       5       6        7 
>    Alcohol  in  cc. 


II       12       13       U       '5       16       17 


Fig.  2. 
The  solid  line  indicates  the  alcohol  number  of  embryonic  tissue  juice  under 
different  pH  The  dotted  line  indicates  the  pH  of  the  redissolved  precipitates. 


of  different  more  or  less  definite  proteins.  The  experiment 
seems  to  speak  much  in  favour  of  the  assumption  of  Hertz- 
feld  and  K  linger  ^se^  257)  They  consider  the  proteins 
in  the  blood  and  body  juices  as  a  series  of  disperse  systems 
with  different  sized  particles,  from  the  biggest  represented 
in  the  fibrinogen  and  globulins  and  down  to  the  smallest 
dialysable  products,  and  not  as  a  compound  of  more  or 
less   characteristic,   well   defined   chemical  bodies. 

4* 


').    Aiitolijsis  and  hydrolysis  of  the  proteins. 

Being  neilhcr   cncoiiiaijicd    l)y    llic   (•\|)c'i-inu'nts   iiu'nlioiicd 
above  nor     !>>     reading    alxml     tlic     I'xperinients      niade 

by  H  u  r  r  ()  w  s  and  N  c  y  ni  a  n  n  '"  in  wiiicii  llicy  li-icd  liie 
elleel  of  amino  acids  on  Ihe  growlii  of  rii)robhists  and  lound, 
thai  they  had  a  loxie  action.  I  Iried.  however,  lo  hy(h*o- 
lyse  the  ])i"()leins  ol'  liic  ciiiijryonic  tissue  juice.  1  tried 
first  to  autolyse  the  tissue  juice  i)y  keeping  the  tissue  pulp 
and  the  juice  in  the  incubator  at  39  C.  for  different  lengths 
of  lime,  from  a  few  houi's  lo  several  days.  The  result  of 
these  expi'rinients  was.  that  the  extract  being  exposed  to 
the  pulp  at  a  temperature  of  30"  C.  for  a  few  hours  lost 
greatly  in  activity.  By  digesting  the  tissue  pulp  with  trypsin, 
no    better   results    were   obtained. 

I  tried  then  to  hydrolyse  the  proteins  of  the  embryonic 
tissue  juice  ad  modum  Kendall  -^^  -^-),  the  method  he 
used  to  isolate  the  thyroxin.  By  this  method  I  obtained 
two  fractions  which  Kendall  called  A  and  B.  The  frac 
tion  A  was  fatly  and  in  consistency  and  colour  like  serumen. 
This  fraction  could  be  brought  into  a  kind  of  colloidal  solu- 
tion by  boiling  it  with  Ringer  solution.  The  A  fraction 
showed  little  or  no  effect  on  the  fibroblasts;  if  any  a  toxic. 
The  fraction  B  could  easily  be  brought  in  a  veritable 
solution.  This  solution  gave  no  precipitate  with  acetic  acid. 
Different  concentrations  of  this  B  fraction  were  tried  in 
the  cultures  of  fibroblasts.  Solutions  were  made  which  con- 
tained from  3,8  per  cent  and  down  to  0,05  per  cent.  A  solution 
containing  0,47  grams  per  hundred  c.  c.  Ringer  solution, 
showed  a  slight  activating  power  on  the  growth  of  fibro- 
blasts. However,  it  did  not  have  any  toxic  effect  at  all 
on  the  growth  of  fibroblasts  as  stated  by  Burrows  and 
N  e  y  m  a  n  n  *o).  The  amino  nitrogen  was  determined  in  this 
fraction  after  the  method  of  Van  Slyke  ^^o)  and  found  to 
be  1  per  cent. 

When  it  seemed   that  all  these  atlcmps  to  isolate  a  frac- 
tion which  was  supposed  to  have  a  growth  ])romoting  power 
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on  the  tissue  cells,  were  willioiit  success,  more  indirect 
methods  were  selected  with  tlie  purpose  of  studying  (he 
nature  of  this  or  tlu'se  substances.  A  comparative  quanti- 
tative analysis  was  tlu-refore  niiuh'  of  the  amino  acids  in 
the  hydrolysed  embryonic  tissue  juice  and  the  plasma  from 
adult  chickens,  the  latter  containing  none  or  very  little 
of  the  growth  promoting  substances.  It  was  supposed  that 
some  of  the  important  amino  acids  were  lacking  or  sparcely 
represented  in  the  plasma  or  tissue  juice.  The  results  of 
these  experiments  were  not  very  striking.  In  some  of  the 
analyses  of  the  extract,  lysine  and  histidine  were  found  not 
to  be  present.  In  the  plasma  from  the  adult  chickens  all 
the  amino  acids  sought  for  w^ere  there.  It  w^ould  be  rather 
a  interesting  fact  if  the  absence  of  these  amino  acids  was' 
constant  in  the  hydrolysed  proteins  of  the  embryonic  tissue 
juice. 

Experiments  No.s  85—87. 
Table  4. 
Quantitative  .'determination    of   amino   acids    in    tiydrolyzed ;  embryonic 
tissue  juice  and  chicken  plasma,  a.  m.   Van   Slyl<e. 


gram  m 

100  cc.  of 

tissue  juice 


gram  m 

100  cc.  of 

ctiicken  plasma 


Pricipitated 
by  ptiosptio- 
tungstic  acid. 
Basic  amino 
acids. 


Total  N. 
Amid  N. 
Melanin  N. 
Total  N.  of  the  bases 
Nonamino\  Arginin 
Nitrogen  /  Histidine 
Amino     \  Lysine 
Nitrogen  I  Cystine 

Total  N.  of  the  acid 
amino  acids 
1)  Amino  N.  of  the  acid 

amino  acids 
■-)  Non  amino  N.  of  the 
acid  groups 


0,266 

0,798 

0,031 

0,076 

0,0020 

0,012 

0,032 

0,210 

0,023 

0,110 

0,0 

0,039 

0,0 

0,036 

0,033  (?) 

0,026 

0,164 

0,460 

0,14 

0,360 

0,108 


1)  Contain 
rine.  Leucine, 


glutaminic   acid,  aspartic  acid.  Tyrosine,  Phenylalanine,  Se- 
Isoleucine,  Valine,  Alanine,  Glycocoll. 
2)  Proline,  Oxyproline,  Tryptophane. 
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a.  Experiments  ivilli  llie  /alli)  r(>iuj)(>nenls  of  the  extract. 
TIh'  c'llVcts  of  Ihc"  Intly  rxtracls  of  the  tissue  jiiico  on 
tlu'  ribi'ohlasls  were  absoliilrly  lu^galixc;  thr  same  was  fouiul 
lo  he  the  ease  with  regard  lo  tlie  tissue  juice  after  the 
fatty  suhstaiices  had  l)een  removed.  The  fat  extractions  were 
done  with  the  dry  tissue  juice  in  Soxlels  apparatus. 
Petroleum  ether  was  used.  The  tissue  juice  was  extracted 
for  21  hours.  After  the  evaporation  of  the  ether  the  fatty 
substances  were  ex])osed  to  cold  acetone.  A  |)art  of  it  was 
dissolved  and  a  ]Kirt  remained  undissolved,  lioth  of  the 
aceton'3  soluble  and  of  (lie  uns()hd)le  some  kinds  of  sus- 
pensions in  Ringer  solution  were  prepared  and  added 
to  the  culture  medium.  Some  of  these  substances  were  also 
saponified  with  XaOll  and  in  lliis  foi-m  added  to  the  cul- 
ture medium.  All  the  sul)stances  iuid  a  toxic  effect  upon 
the  tissue  cells. 

7.     Adsorb tion  experiments. 

Experiments  were  undertaken  to  add  indifferent  sub- 
stances as  adsorbents  to  the  embrj^onic  tissue  juice  as  adsor- 
bendum.  to  see  if  it  was  possible  to  adsorb  substances 
which  in  one  way  or  another  were  Ves])onsible  for  the 
growth  promoting  power  of  the  juice  —  and  afterwards  to 
submit  the  adsorbed  and  unadsorlied  sul)stances  to  a  che- 
mical analysis. 

Numerous  experiments  of  this  kind  were  undertaken.  Dif- 
ferent substances  were  used  as  adsorbent,  such  as  animal 
charcoal,  blood  coal,  mastic,  gum  arabic,  barium  sulphate, 
powdered  agar  and  gelatine,  stroma  of  tissue  cells  and 
fibrin.  Of  all  of  these  the  ])lood  coal  was  most  suilal)Ie  and 
frequently  used.  The  adsorbtion  experiments  showed  often 
verj-  different  and  rather  inconstant  results,  j)robably  due 
to  the  fact,  that  the  tissue  juices  and  plasma  can  not  very 
well  be  standardized.  They  vary  much,  which  can  be  seen, 
for  instance,  by  tlie  different  amounts  of  totally  nitrogenous 
substances     they    contain.    In    experiments    of   this   kind    the 
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rate  of  growth  does  not  depend  upon  the  presence  of 
growth  promoting  sul)stances  onh%  but  also  upon  the  cou- 
centrations  of  various  substances,  the  osmotic  pressure,  sur- 
face tension  and  many  other  physico-chemical  factors.  The 
technique  and  some  of  llie  experiments  will  be  described 
in  detaii,  because  this  method  is  found  to  be  most  preserving 
for  the  delicate  substances,  and  will  certainly  contribute  to 
the  understanding  of  the  nature  of  the  growth  promoting 
substances  in   the  body  juices. 

Besides  a  number  of  i)reliminary  experiments,  w^here 
proper  amount  of  adsorbent  to  be  used  was  found,  all  the 
experiments  were  made  under  the  control  of  the  hydrogen 
ion   concentration. 

The  recent  investigations  of  Loeb  ^ti)  on  amphoteric  col- 
loids has  shown  what  an  important  and  determining  factor 
the  hydrogen  ion  concentration  is  for  the  process  of  adsorp- 
tion or  more  correctly,  the  chemical  binding.  As  we  have 
no  idea  of  the  chemical  nature  of  the  growth  })romoting 
substances,  and  we  do  not  know  the  hydrogen  ion  con- 
centration by  which  we  shall  obtain  unition  with  the  adsor- 
bent, it  was  therefore  necessary  to  know  a  little  about 
the  character  of  the  adsorbing  materials.  The  different  ad- 
sorbents were  then  investigated  by  means  of  cataphoresis 
experiments  to  find  out  their  respective  iso-electric  points. 
According  to  the  electrical  charges  of  the  dissociated  protein 
bodies,  the  cationic  and  anionic  aggregates  will  be  adsorbed 
either  on  the  one  or  the  other  side  of  the  iso-electric  point 
of  the  adsorbent;  this  depending  only  upon  the  hydrogen 
ion  concentration   of   the  solution. 

Experiments  were  undertaken  to  see,  at  what  hydrogen  ion 
concentration  the  adsori)tion  of  the  growth  promoting  sub- 
stances has  its  maximum,  and  furthermore  to  see  to  what 
an  extent  these  adsorbed  substances  could  be  displaced  from 
the  adsorbent.  At  the  same  time  chemical  analysis  were 
made  of  the  adsorbent  including  the  adsorbed  substances  as 
well   as   of   the   supernatant   fluid.   The  rate   of  growth    was 
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(kit'i'iuiiicd  lor  iibrohlasls  j^row  ii  in  llu-  ciilliu(.'s  lo  which 
media  llu'  (Hlfcronl  Irnclions  were  addcfl  nnd  the  j^rowth- 
indox  ('(unparcd  willi  the  amoiiiil  of  iiili-o-^cnous  substances 
ill  the  same   IVaelions. 

Table  .'>. 


No. 

Ph.  of 

1,5  cc. 

Buffer 

Solution. 

CC. 
Fresh 
Embry 
Tissue 
Juice. 

Gram 
Blood 
Coal. 

Per  Cenl 

Nitrogen  in 

Supernatant 

Fluid. 

Absoluto 
increase. 

1 

5,0 

1,5 

0,3 

0,042 

1,8 

2 

6,0 

1,5 

0,3 

0,049 

0,7 

3 

7,0 

1,5 

0,3 

0,056 

17,0 

4 

8,0 

1,5 

0,3 

0,049 

11.9 

1 

5,0 

1.5 

0,0 

0,105 

1,0 

2 

6,0 

1,5 

0,0 

0,112 

3,2 

3 

7,0 

1,5 

0,0 

0,126 

8,4 

4 

8,0 

1,5 

0,0 

0,105 

11,2 

TECHNIQUE. 

Mostly  experiments  of  adsorption  were  made  with  bhxxl 
coal  as  adsorbent.  The  concentration  of  the  adsorbent  used 
was  10  o/o  and  this  was  foimtl  most  satisfactoi'v  to  worlv 
with. 

Fresh  embryonic  tissue  juice  fi'om  about  S  days  old 
chicken  embryos  was  prepared  in  the  usual  way.  1,5  cc. 
of  this  was  carefully  measured  in  sei'ies  of  test  lubes.  1,5  cc. 
of  a  standard  buffer  solution  ol  dilfei-enl  Fh.  wei'e  addedi 
to  the  juice  in  order  lo  give  llie  solutions  certain  different 
hydrogen  ion  concentrations.  The  method  is  the  same  as 
has  been  described  before  (F  i  s  c  h  e  r)  J»").  After  the  buf- 
fer solution  has  been  added  and  the  desired  Ph.  obtained,! 
0,3  gram  of  blood  coal  was  added.  11  is  obvious,  that  the 
procedures  were  carried  out  strictly  ase|)tically.  with  sterile 
solutions  and  glasswares.  As  control  for  llu'  adsorption  ex- 
periment another  series  of  the  same  extract  was  mixed 
with    exactly    the    same    buffer    solutions.    l)ut    witli    the    ex- 


57 


c'C'plion  of  llu'  blood  coal.  Both  series  of  test  lubes,  experi- 
ments and  controls  were  placed  in  the  incubator  at  39  C. 
for  one  hour  and  shaken  evi'ry  10  minutes.  Hereafter  they 
were  placed  in  the  refrigerator  over  night.  The  following 
morning  the  solutions  were  centrifuged,  the  supernatant;  fluid 
drawn  off  and  the  hydrogen  ion  concentration  adjusted  for 
all  of  them  to  Ph.  7.0.  l)y  adding  various  amounts  of  n/tO 
HCl  or  XaOII,  an  amount  which  was  found  empirically. 
After  this  neutralization,  the  solutions  were  ready  to  add  to 
the  culture  media  and  the  rate  of  growth  determined.  The 
tissue  used  as  a  reagent  was  the  then  9  years  old  strain  of 
fibroblasts  in  the  Rockefeller  Inslitiile.  As  usual  only  good 
cultures  were  used  for  the  experiments.  The  tissue  fragment 
was  cut  into  two  halves,  the  one  served  as  control  and  the 
other  for  the  experiment.  The  control  contained  one  volume 
of  plasma  and  one  volume  of  the  tissue  juice-buffer  mixture 
which  previously  was  neutralized  to  Ph.  7,0,  i.  e.  having 
been  treated  in  the  same  way  as  the  experimental  extract, 
with  the  exception  of  the  adsorbent.  The  experimental  cul- 
ture contained  one  volume  of  the  supernatant  fluid  from 
the  blood  coal,  after  of  course  also  having  been  neutralized 
to  Ph.  7,0.  and  one  volume  of  plasma.  The  method  for  quan- 
titative estimation  of  the  rate  of  growth  was  the  usual  as 
often  before   described.  ^^^). 

It  has  been  endeavoured  to  see  if  it  was  possible  to 
remove  a  part  of  the  adsorbed  substances  from  the  adsorbent, 
and  especially  in  the  cases  where  a  marked  adsorption  of 
active  substances  has   taken  place. 

It  has  been  shown,  that  antibodies  which  had  once  com- 
bined with  adsorbent  or  homologous  antigen,  can  be  removed 
from  their  attachment  and  rendered  reavailable.  F.  H  u  n- 
t  o  o  n  267  -  268)  j-j^j^  sludicd  the  conditions  under  which  the 
dissociation  of  antibodies  takes  place.  He  declares,  that 
antibodies  are  bound  to  the  antigen  in  all  different  grades  of 
stability,  from  that  part  which  is  very  loosely  bound  and 
easily  washed  out.  He  found,  that  the  dissociation  was  very 
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often   I)osl   when    lie    used    \v;i1(M"  willioiil    s;ills   or  else   wafei' 
with  salts  in  excess 

1  (ricd  siiiiilnr  aiT;m<,U'meiits  as  lliinlooii  -'«7j  jos) 
Fi'esh  emhrvoiiie  lissiie  juice  was  mixed  with  10  |)ei'  cent 
blood  coal  and  a  hidler  soliilion  which  ^axc  llie  inixliiri' such 
a  hydro<»en  ion  concentration  by  wliicli  we  enipiricaiJN'  found 
that  a  maximal  adsorption  of  growth  |)rom;)lin<f  sui)stances 
took  jilace.  Alter  one  hour  at  39  il.  and  12  hoiu's  in  the 
relrij«t'ralor.  the  blood  coal  was  separated  from  the  fluid  by 
centrifuginj^.  After  the  supernalani  fluid  had  been  removed, 
various  solutions  such  as  destilled  water.  Rin<fer  solution, 
10  per  cent  saccharose  solution,  were  added  to  the  (ufferent 
tubes  with  blood  coal.  The  coal  was  shaken  u|)  and  some  of 
the  lubes  were  placed  at  53  ('..  foi-  two  hours,  some  at  39  °  C 
and  some  directly  placed  in  the  refrigerator,  where  they 
all  were  ke])t  foi'  aboid  15  honi's.  Al  the  end  of  this  time, 
the  supei'natant  fluid  was  drawn  off  and  added  to  the  cul- 
tures and  the  rate  of  growth  determined.  The  adsorption 
was  controlled  chemically  by  also  determining  the  amoinits 
of  nitrogenous  substances  adsorbed  and  dissociated  by  the 
various  methods. 

It  is  generally  known,  that  highly  surface  active  substan- 
ces can  displace  certain  adsorbed  substances  from  the  adsor- 
bent. Rona  and  Tosh  ^^^)  found  that  elhyl-urethane  was 
able  to  displace  the  adsorbed  substances.  An  attempt  with 
ethyl-urethane  was  therefore  made  to  displace  the  adsorbed 
grow^th  promoting  substances.  Some  preliminary  experiments 
were  made  to  investigate  the  displacing  power  of  various 
surface  active  substances.  At  the  same  tinu'  these  substances 
w^ere  tried  in  the  cultures  in  the  concentrations  where  a  good 
displacing  effect  was  obtained. 

In  these  ])reliminary  experiments  on  displacement  by 
surface  active  substances,  bh)od  coal  was  used  as  adsorbent 
and  a  0,3  per  cent  solution  of  methylene  blue  in  water  as 
adsorbendum.  After  the  adsorption  had  taken  place,  the  solu- 
tion wa.^.  sej^araled  from  the  blood  coal  and  the  latler  washed 
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until  the  water  remained  colourless.  Water  was  then  added 
until  the  original  volume  as  before  was  established.  The 
displacing  agent  was  then  added  to  the  tubes  in  different 
concentrations  and  the  blood  coal  stirred  up.  The  colour  of 
the  water  could  then  be  measured  colourimetrically  at  the 
same  time  as  the  surface  tension  could  be  determined.  —  The 
experiment  in  table  (i  shows  that  the  lowering  of  the  surface 
tension  about  8—9  dynes  results  in  a  displacement  of  methy- 
lene blue  from  the  adsorbent,  when  95  per  cent  alcohol  is 
used  as  displacing  agent. 

Table  6. 

Showing  ttie  effect  of  some  surface  active  substances  on  adsorbed 

mettiylene  blue. 


No. 

Gram  blood 
coal. 

cc. 
Water. 

cc 
95  o/o  alcoliol. 

cc. 

i/oO/oNa 

oleate. 

Colour. 

Surf.  ten. 
in   dynes. 

1 

0,3 

3,0 

0,03 

0,0 

clear 

118 

2 

0,3 

3,0 

0,08 

0,0 

slight  blue 

111 

3 

0,3 

3,0 

0,14 

0,0 

intense  blue 

■       106 

4 

0,3 

3,0 

0,0 

1,0 

dark  blue 

51 

5 

0,0 

3,0 

0,0 

0,0 

dark  blue 

120 

Of  course  it  cannot  be  concluded  from  this  experiment, 
that  other  substances,  as  for  instance  the  growth  promoting 
substances  from  the  embryonic  tissue  juice,  can  be  displa- 
ced from  the  adsorbent  in  the  same  way  by  lowering  the 
surface  tension  to  the  same  degree  which  was  able  to  dis- 
place the  methylene  blue.  This  depends  upon  several  fac- 
tors, the  solubility  of  the  adsorbed  substances  in  the  dis- 
placing agent  and  the  surface  energy  of  the  adsorbed  substan- 
ces in  relation  to  the  surface  energy  of  the  displacing  agent. 
Ethyl-urethane  was  able  only  to  lower  the  surface  tension  of 
Ringer  solution,  when  present  in  a  rather  high  concen- 
tration. 

The  concentrations  of  sodium  oleate  and  ethyl-urethane 
by   which   they  were   able   to   displace  methylene  blue  from 
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Ihc    adsorbonl    was    t'oiind    to    \\;i\v    no    toxic    t'lTcct    on    Ihe 
growth  of  fibroblasts. 

RKSULTS. 

Two  sets  oi"  test  tubes,  1  in  each  set  were  used  in  an 
experiment.  The  one  set  had  blood  coal  as  adsorbent  and 
the  other  had  no  adsorl)ent.  All  Ihe  tubes  contained  1..")  cc. 
of  freshly  prepared  embryonic  tissue  juice  and  1.5  cc.  of 
a  buffer  solution  which  gave  the  solutions  different  nydrogen 
ion  concentration.  The  1  lubes  with  the  adsorbent  have 
exactly  the  same  Ph.  as  the  1  tubes  without  tlie  adsorbent. 
To  the  number  one  of  each  set  is  added  a  Ijuflei'  solution 
with  Ph.  5,0  and  to  llu'  nundK'r  two  of  each  set  is  added 
a  buffer  solution  with  Ph.  0,0  and  so  on.  The  total  nitrogen 
was  determined  of  the  supernatant  fluid  in  the  set  which 
contained  blood  coal  and  of  the  fluid  in  the  set  which  did 
not  contain  the  adsorbent.  After  the  hydrogen  ion  concen- 
tration was  adjusted  to  Ph.  7,0,  the  fluids  were  added  to 
the  culture  media  and  the  rate  of  growth  for  the  fibro- 
blasts determined. 

It  was  found  that  the  total  nitrogen  in  the  supernatant  fluid 
was  reduced  to  about  10 — 50  percent  when  lOper  cent  blood 
coal  was  used  as  adsorbent,  whereas  the  growth  promoting 
activity  of  the  supernatant  fluid  differed  rather  much  in  the 
various  experiments  and  was  not  constant  at  all.  It  can  be 
summarized  in  stating,  that  the  growth  i)romoting  power 
was  least  when  the  adsorption  took  place  at  a  relative  high 
hydrogen  ion  concentration;  in  spite  of  the  after  neutrali- 
zation there  remained  a  permanent  change  in  this  |)ortion, 
namely  a  less  activating  power  as  compared  wath  that 
of  the  other  solutions.  This  permanent  change  towards  a 
less  active  power,  might  be  due  to  the  effect  of  the  hydrogen 
ion  concentration  and  not  due  to  any  adsorption,  because 
the  same  change  was  observed  on  the  corresponding  tube 
in  which  no  adsorbent  was  present.  Any  visible  precipitation 
could  not  be  observed  in  the  fluid  without  adsorbent. 
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Several  times  it  was  ol)served  that  Ihe  supernatant  fluid 
from  the  tube  containing  extract  and  adsorbent  at  the  neutral 
point,  showed  more  activity  than  tlie  original  fresh  concen- 
trated extract.  This  may  either  be  due  to  a  relate v^ely  ex- 
tensive adsorption  of  growth-inhibiting  substances  or  to  the 
dilution  of  the  extract,  (ienerally  it  was  observed  that  the 
supernatant  fluid  was  less  active  than  the  original  native 
solution  on  either  side  of  the  neutral  point. 

By  determining  the  nitrogen  in  the  supernatant  fluid,  it  was 
observed,  that  from  50  to  60  percent  of  the  total  nitrogen  of 
the  extract  was  adsorbed  —  furthermore  it  was  found,  that 
about  30  per  cent  of  the  adsorbed  nitrogenous  substances  could 
be  dissociated  from  the  adsorbent.  This  was  rather  constant, 
no  matter  which  method  was  used  for  the  dissociation.  The 
growth  promoting  power  of  the  displaced  substances  wasi 
very  different  in  the  different  methods.  The  best  way  in  get- 
ting a  good  dissociation  of  growth  promoting  substances  was 
to  add  Ringer  solution  with  0,2  c.  c.  of  a  1  per  cent  sodium 
oleate  and  keep  it  for  about  two  hours  at  39 '  C.  and  15 
hours  in  the  refrigerator.  None  of  the  dissociated  solutions 
showed  approximately  as  activating  a  power  as  the  original 
extract.  Absolute  destruction  of  the  activit}'  of  the  extract 
was  the  result  of  the  method  of  dissociation  at  53  °  C.  for 
two  hours. 

The  amount  of  nitrogenous  substances  which  coidd  be 
dissociated  was  the  largest  when  the  adsorption  had  taken 
place  at  Ph.  7,0  in  spite  of  the  fact,  that  the  amount  of 
adsorbed  was  found  to  be  the  least  at  this  reaction. 

The  amino  acids  remained  in  the  bulk  and  were  not 
adsorbed  to  any  measurable  extent.  The  determination  of 
the  amino  acids  was  made  after  the  method  of  S  o  r  e  n- 
sen  by  the  formol  titration.  It  is  interesting  enough  to  see 
that  the  amino  acids  were  not  adsorbed  in  spite  of  the  fact 
that  50  per  cent  of  the  nitrogenous  substances  were  adsorbed. 
It  is  verj^  probable,  that  it  is  the  largest  molecules  that  are 
responsible    for   the   activity.    The   experiments   of    ultra    fil- 
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tratioii  nindo   by   Carrol*'   speaks   vorv   nuicli   in   favour  of 
this  assuni|)lion. 

The  tal)li'  7  iH'prcsciils  an  cxpcrinicnl  of  adsorption,  lol- 
lowc'd  by  [he  dissociation  l)y  moans  of  diri'orent  methods. 
The  adsorption  and  dissociation  were  all  the  time  control- 
led by   nitrogen  delenninalions   of  the  various  fractions. 

Table  7. 
Adsorption    and    dissociation    experiment. 

K,„  Grams  of  cc.  of  Pti.  5,6  cc.  ^^^  ^^"*   ^ 

^^°'  blood  coal.  fresh  extract.  of  buffersol.  '"   supernal. 

fluid. 


1 

0,3 

1,5 

1,5 

0,042 

2 

0,3 

1,5 

1,5 

0,042 

3 

0,3 

1,5 

1,5 

0,063 

4 

0,3 

1,5 

1,5 

5 

0,3 

1,5 

1,5 

0,056 

6 

0,0 

1,5 

1,5 

0,105 

TIk"  supernatant  i'liiids  were  then  drawn  off  and  the 
dissociating  fluids  were  added  to  the  blood  coal  and  shaken. 
The  different   tubes  were  treated  in  the  following  ways. 

1;3  c.  c.  of  destilled  water;   two  hours  at  53  C;    15  hours  in 

refrigerator. 
2)3  c.  c.  of  destill.  w^ater;    two  hours  at  39  °C.;    15  hours  in 

refrigerator. 
3)3  c.  c.  of  10   'Vi>   saccharose  sol.   at  39  "C.    for    two    hours; 

dialyzation  and   the  volume   adjusted. 
4)3c.  c.    of   Ringer  solut.;    two   hours   at   39  ^C;   15   hours   in 

refrigerator. 
5)3c.  c.  of  Ringer  solut.  containing  0,2  c.  c.  of  a  1  <'o  solution 

of  sodium   olcate;   two  hours  at  39"^  C;  15  hours  in  refri- 

gei'ator. 
6)Two  hours  at  39  '  C.  and  15  hours  in  the  refrigerator. 


*)  Unpublished  experiments. 
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The  nitrogen  was  then  tlelermined  in  the  blood  coal  and 
in  the  supernatant  fluid  separately  after  the  dissociation 
has  taken  place.  The  absolute  increases  of  growth  of  fibro- 
blasts were  determined  in   Ihe  vai'ioiis  fractions.  TTabie  8). 

Table  8. 


No. 

Per  Cent  N 

in 

Per  Cent  N   in 

Th 

e  absolute  increase 

supernat.  liu 

lid. 

blood  coal. 

of 

growth   in  sq.  cm. 

1 

0,021 

0,079 

0,75 

2 

0,021 

0,075 

2,8 

3 

0,021 

0,075 

spoiled 

4 

0,021 

0,075 

1,64 

5 

0,021 

0,075 

4,1 

The  undiluted  original  extract  for  these  experiments  con- 
tained 0,2 1  o/o  total  nitrogen  —  and  the  absolute 
increase  of  growth  was  found  to  be  12.7. 

When  diluted  with  equal  its  volume  of  buffer  solution  Ph. 
5,0,  the  total  nitrogen  was  found  to  be  0,105  —  and 
the   absolute   increase   w^as   6,2. 

The  supernatant  fluid  from  the  adsorption  experiments 
showed  a  positive  Heller,  M  i  1 1  o  n  and  Biuret  reac- 
tion, but  the  dissociated  substances  did  not  give  these  reac- 
tions.  The  following  experiment  illustrates  this   Table  9). 

Table  9. 


Total 
nitro- 
gen. 

Formol  titr. 

cc.  n/lO 
NAOH  per 

100  cc. 

Hel- 
ler 

Mil- 
Ion 

Bi- 
uret 

Abs.    in 
crease 

of 
growth. 

Original  undilut.  extr. 
Supernat.  fluid  f.  adsorB. 
Dissociated  extract. 

0,133 
0,091 
0,028 

10 
10 

+ 
+ 

+ 
+ 

+ 
+ 

22,8 

10,8 

4,3 

These  adsorption  experiments  will  probabh'  pave  the 
way  for  the  Investigation  of  such  complex  substances.  The 
interpretation   of  the  experiments   is   of  course   difficult   be- 
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cause  ol'  the  ralher  inconslant  rcsulls  ohiained  here,  but 
doubtlessly  expciiiiK'nlal  arraii^emeiils  similar  lo  those  iiien- 
lioiied  heri'  will  be  iiiori'  iiscl'iil  lliau  llu'  inere  <luinical 
analysis  which  at  the  present  time  is  too  a<f^ressive  lor  ihe 
delicate    growth    promoting    substances. 

SLALMAR\'   AND   DISCLSSIOX. 

The  culture  medium  lor  cullivalion  ol"  tissue  cells  in 
vitro  is  apprehended  in  two  parts  namely  1;  the  sui)poi'ling 
apparatus    and    2)    the    growlh    pi-omoting    sul)stances. 

The  sui)porling  ap|)aratus  of  the  plasnui  cultiu'e  is  i*e- 
presented  in  the  fibrin.  This  can  be  substituted  by  certain 
other  indifferent  substances  such  as  spider-web,  glass-wool, 
silk-  and  cotton  threads  and  almost  any  indifferent  material. 
It  is  impoiianl  to  know,  thai  there  e.xisis  a  cerlain  relalion 
between  the  amounts  of  fluid  and  suj)porting  material.  NMien 
the  liquid  phase  is  held  by  capillary  suction  to  the  frame- 
work the  best  conditions  are  established  for  an  outgrowth 
of  the  cells. 

The  second  component  of  the  culture  medium  is  essen- 
tial for  the  indefinite  growth  of  tissue  cells  in  vitro,  namely 
the  growlh  ])romoting  substances.  These  are  not  found  lo  be 
present  in  the  plasma  from  young  or  old  animals  in  any  suffi- 
cient quantity  to  keep  the  cells  living  permanently  outside  the 
body.  Whereas  they  are  found  to  be  present  in  the  tissue 
cells  themselves,  preferably'  in  certain  tissues  such  as  em- 
bryonic tissue,  spleen,  liver,  leucocytes  from  adult  animals 
and  in  certain  sarcoma.  Here  il  musl.  naturally,  be  under- 
stood, thai  we  are  only  dealing  with  the  cullivation  of 
tissue  cells  in  homologous  media,  i.  e.  media  derived  from 
the  same  species  of  animal  as  the  tissue  cells.  The  cultiva- 
tion of  cells  in  heterologous  media  is  entirely  another  matter 
and  the  investigation  on  this  field  is  rather  new  and  unsuf- 
ficiently worked  out  to  ])ermit  any  conclusions  being  drawn. 

A  fragment  of  tissue  explanted  in  a  protective  solution 
(Ringer,   L  o  c  k  e  s  or  Lock  e-L  e  w  i  s)  is  able  to  live  for 
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a  shorl  Icnglli  of  lime  ;il  llic  ex])t'nsc'  ol"  llie  growth  pro- 
moling  sul).staiic('s  conlaiiUMl  in  the  lissnc  fragnicnl  itself, 
and  ciinnol  llu'i'dbrc  \)v  considered  as  a  real  tissue  cul- 
ture   in   sensu    s  I  i- i  c  I  i  o  i"  i.    but   a    mere   survival. 

P2xperimenls  were  undt'riaken  to  isolate  a  traction  of 
the  embryonic  tissue  juice,  which  contains  llie  actual  growth 
promoting  substances.  Tlie  results  were  rather  negative  as 
it  proved  to  be  imj^ossiblc  by  employing  the  ordinary  known 
chemical  methods  for  breaking  down  the  proteins  to  simpler 
Iraclions.  The  results  are  therefore  moic  valuable  IVom 
the  ])oinl  of  view,  that  they  have  contributed  to  characterize 
the  nature  of  these  substances,  llie  experiments  made  here 
cannot  at  all.  therefore,  be  considered  as  completed  but 
each  of  them  is  a  i)rol)lem  in  itself  and  need  further  in- 
vestigation. Considering  that  these  experiments  are  the 
first  of  theii"  kind,  they  merely  indicate  the  line  of  work 
and  conti'ibule  to  the  making  of  the  first  rough  charactei'i- 
zation  of  the  substances. 

The  conclusions  of  the  chemical  experiments  may  be 
summarized  thus:  The  gi'owth  promoting  substances  are 
exceedingly  unstable  Tlie\  are  suppressed  at  37  C.  for  a 
few  hours  and  completely  inactivated  at  56  (1.  for  onehoui*. 
Shaking  and  filtration  through  Berkefeld  and  C  h  a  m- 
ber lands   fillers   also   suppress    their   activity. 

Different  methods  were  applied  for  preparing  fractions 
of  the  protein  solutions.  Precipitation  of  the  globulins  and 
albumins  was  carried  out  by  using  salts  of  the  heavy  metals, 
carbon-dioxide  and  by  dialyzation.  These  processes  caused 
practically  an  inactivation  of  the  growth  ])romoting  substan- 
ces, though  it  can  be  concluded  that  the  active  substances 
are  precipitated  with  the  globulins.  The  albumins  did  not 
show  any  activating  power  at  all.  The  COo  method  for 
precipitating  the  globulins  jiroved  to  be  the  most  conser- 
vative for  the  labile  su])slances. 

Precipitation  of  the  proteins  with  95  "o  alcohol,  followed 
by  a  quick  washing  with  ether,  proved  to  be  the  best  method 
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for  ()l)l;iininj^  the  jfrcwth  pronioliiiff  .siil)sl;in('('s  Tlu-  siil)- 
slanccs  oljUiiiied  by  Ihis  int'lhod  were  alinosl  as  aclivc  as 
llu'   nalivc  solulion. 

The  amino  acids  IVom  llic  iiydroly/cd  cinhryonic  lissue 
juice  showed  no  loxic  eiri-c-l  on  the  ril)i-ohhisls  in  vilro,  as 
has  been  slated  lor  ainino-acids  in  general  by  H  u  r  r  o  w  s 
and    X  e  y  ni  a  ii  n  'o). 

X'arious  indirect  methods  were  seU'cled,  so  as  to  endea- 
vour to  obtain  some  ini'ormation  as  to  the  classification  of 
Ihe  active  substances. 

The  embryonic  lissue  juice  as  well  as  the  adull  plasma 
was  hydroly/.ed  and  the  amino-acids  determined  {[uanlila- 
liMJy  ad  modum  \' a  n  Slyke  "'^\  so  as  lo  make  a  (|ualila- 
live  as  well  as  a  (luantilalive  comparison  between  lUe  amino- 
acids  in  the  blood-plasma  which  have  no  activaliuiJ  effect 
at  all,  and  the  embryonic  lissue  juice  which  contains  the 
growth  i)romoling  substances.  The  results  were  rather  in- 
constant and  not  clear. 

Differenl  adsorjjtion  experiments  w'cre  undertaken,  in  or- 
der to  find  new  and  more  conservative  methods  tor  the 
study  of  these  substances.  Blood  coal  was  generally  used 
as  adsorbent  in  a  concentration  of  about  10  fyo-  The  adsorp- 
tion was  investigated  under  influence  of  different  hydrogen 
ion  concentrations  of  the  tissue  juice.  It  was  observed  that 
at  Ph.  7.0  Ihe  supernatant  fluid  from  the  adsorbent  (blood 
coal;  possessed  almost  all  the  activating  power  of  the 
tissue  juice,  in  spite  of  the  fact  that  almost  50  "o  of  the 
total  nitrogen  of  llie  solution  was  adsorbed.  At  l)oth  sides  of 
the  neutral  point,  the  supernatant  fluid,  when  brought  back 
to   Ph.    7,0  after    the   adsorption,   remained   inactive. 

The  substances  adsorbed  are  those  belonging  to  the  big- 
gest molecules.  The  dialysable  substances,  the  amino-acids, 
remained  unadsorbed  at  the  differenl  hydrogen  ion  con- 
centrations. 

In  other  experinu'uts  it  was  tried  to  displace  the  sub- 
stances  once   adsorbed   bv    washing   the   adsorbent  with  va- 
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rious  solutions  conlaining  surface  active  substances.  About 
30  "/o  of  the  total  nitrogen  adsorbed  could  be  dissociated 
from  the  blood  coal.  The  displaced  substances  did  not  seem 
to  possess  any  sli'iking  effect  on  the  cell-activity. 

The  fact  thai  direct  chemical  tests  are  not  yet  available 
to  determine  the  chemical  nature  of  the  so-called  growUi 
promoting  substances,  leads  us  to  find  other  indirect  methods 
of  studying  them. 

As  indicated  before,  1  got  an  impression  that  it  might 
probably  be  explained  that  individual  definite  protein  or 
substances  do  not  exist,  which  alone  are  responsible  for 
the  growth  promoting  power,  but  the  activity  of  llie  tissue 
juice  might  very  well  be  the  result  of  phj'Sico-chemical  inter- 
actions in  the  colloidal  system.  The  proteins  in  the  body 
juices  represent  a  polydispersoid  system  and  its  physical 
properties,  surface  energy,  viscosity,  electrical  charge  and 
osmotic  pressure,  are  \evy  much  influenced  by  the  active 
reacting  substances,  which  so  far  have  been  used  for  the 
separation  of  the  supposed  more  or  less  definite  compounds. 

We  know  now  as  facts,  that  the  embryonic  tissue  juice 
freshly  prepared,  has  the  ability  to  maintain  life  of  tissue 
cells  indefinitely  outside  the  organism  ^^)  i*^^).  We  know  also 
from  the  experiments  that  merely  by  storing  the  tissue  juice 
for  some  time,  even  in  the  cold,  it  loses  much  of  its  growth 
promoting  power;  it  is  likewise  known,  that  shaking  "'*)  the 
tissue  juice  or  heating  it  to  56  ^  C.  greatly  suppresses  its 
power.  These  facts  could  very  well  be  explained  by  the  as- 
sumption that  a  change  in  the  colloidal  system  takes  place 
of  a  more  physical  character.  Colloidal  solutions  differ  from 
the  true  solutions  only  in  the  sizes  of  particles  or  mole- 
cules. The  protein  solutions  are  probably  true  solutions,  but 
their  molecules  are  so  large  that  their  physical  properties 
very  closely  approach  those  of  the  colloids.  We  know  that 
colloidal  solutions  of  the  simplest  kind  as  ordinary  metal 
sols  for  instance,  are  rather  unstable  in  function  of  time 
and    still    more    in    function    of    temperature.    Changes    are 

5* 


()S 


^o'nVf!,  on  ill  llu'  (lisi)C'i-so  phase,  i.  c.  tlicrc  is  a  Icndcncy  la 
(Ic'crcasf  [he  rchilive  siirlacc  of  llu-  (lis|)rrsc  |)hasc'  which' 
rrsuils  ill  a  (iciialurali(»n.  a  Iraiisilioii  lo  a  <^v\.  'I'lic  (Iciialiira- 
liou  lal;cs  plaec  willioiit  Ihc  piTsciicc  ol"  Hviiiff  cells  and 
the  rale  oi  vrlocily  of  (knaluralioii  depends  upon  several 
factors  sucli  as  Ihe  coneeiilralion.  liie  eiiaraelei'  of  llie  dis- 
perse   niechum.    Ihe    eleclrolyles    and    h'ni|)eraliii'e. 

In  llu  colloidal  syslem.  as  we  will  consider  Ihe  hody 
juices,  Ihe  surface  forces  |)lay  an  enormously  ini|;orlanl  role 
hy  chanjfing  Ihe  character.  In  \ilal  pi-ocesses  Ihe  surface 
forces  are  hy  far  tiie  niosl  iinporlanl.  Our  experimenls  have 
laughl  us,  that  Ihe  tissue  cells  succumh  very  ra|)i(lly  if  Ihey 
Ihemselves  are  not  allowed  lo  spread  out  in  helween  the 
solid  and  licpiid  |)liase.  Il  was  noticed  how  importanl  Ihe 
framework  was  for  Ihe  life  of  tissue  cells  and  how  impor- 
tanl the  relationship  was  of  the  amount  of  licjuid  to  the 
solids.  (Fischer).*)  On  Ihe  surfaces  of  solids,  cell  mem- 
branes, colloidal  particles,  we  have  the  theatre  for  the  i)lay 
of  the  physical  forces,  surface  tension,  potential  differences, 
membrant  electricity  and  so  on.  i'henomena  of  oxidalion 
usually  occur  at  the  free  surfaces.  The  recent  experiments 
of  P.  du  Xoiiy  ^'-).  seem  to  elucidate  these  i)roblcms.  The 
colloidal  solutions  seem  lo  exhibit  remarkable  properties 
at  the  surface.  Perhaps  many  of  the  phenomena  can  be 
explained  by  Donnan's  and  L  a  n  gm  u  i  r  ^i-')  assumption 
of  the  molecular  orientation  on  the  Tree  surfaces,  ^^"e  know 
after  all,  that  spontaneous  changes  take  place  in  colloidal 
solutions.  Changes  of  a  similar  kind  might  very  well  be 
responsible  for  the  spontaneous  inaclivation  of  the  growth 
promoting   substances    of   Ihe    embryonic   tissue    juice. 

As  already  mentioned,  the  l)ody  juices  can  be  considered 
as  a  polydispersoid  system  in  a  kind  of  stationary  condition 
in  the  body.  This  stationary  condition  is  the  result  of  tlie 
life  processes  in  the  organism.  If  any  attemj)t  is  made  to  dis- 


*)  Unpublished  experiments. 
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order  this  condilion.  ;i  rnpid  recovery  lakes  jjhice.  It  is 
known  how  (hiricull  il  is  to  hi'inj*  al)()ut  a  change.  n;diirally 
within  certain  lindts,  in  llie  osmotic  pressure.  hy(h'(),i»en 
ion  concentration  in  the  juice  of  the  intact  organism,  ilie 
disturbance  has  to  attain  a  certain  order  of  inagnituck'  Ijcfore 
the  condition  is  altered  and  it  takes  then  onh'  a  relatively 
short  time  to  restore  the  balance.  The  tissue  cells  are  res- 
ponsible for  the  stationary  condition  in  the  body;  the  cata- 
bolic  substances  are  eliminated,  and  the  changes  caused  by 
the  interactions  of  the  colloidal  systems  i.  e.  the  tendency  to 
decrease  the  relative  surface  of  the  disperse  phase,  are 
prevented  and  do  not  come  to  a  true  physico-chemical  termi- 
nal-equilibrium. The  interval  between  this  terminal-equili- 
brium and  the  stationary  condition  within  the  organism, 
might  be  called  the  kinetic  of  the  juices.  Perhaps  the  kinetics 
of  the  embryonic  tissue  juice  have  a  much  wider  range  than 
the  body  juices  of  the  adult. 

^^hen  we  now  consider  the  life  of  the  tissues  in  vitro 
and  make  a  comparison  with  that  of  the  tissue  cells  in 
vivo,  we  have  no  elimination  of  the  end-products  in  the 
culture.  When  we  allow  the  cells  to  grow  in  the  same  culture 
medium  for  a  long  time,  accumulation  of  calabolic  substan- 
ces causes  the  death  lof  the  cells  after  a  certain  length  of 
time,  when  the  body  juices  from  the  adult  alone  represent 
the  culture  medium.  By  adding  tissue  juice  from  the  embryo 
to  the  culture  medium  the  cells  may  be  rendered  able  to 
live  much  longer  in  the  same  medium  before  they  die,  and 
the  cause  for  this  difference  may  be  the  different  range  ol 
kinetics  in  the  embryonic  tissue  juice  and  the  plasma  from 
the  adult.  In  other  words,  the  buffer  action,  if  we  may 
call  it  so,  of  the  embryonic  tissue  juice  is  far  greater  than 
that  of  the  adults  and  probably  it  is  in  the  buffer  action 
or  kinetic  range,  that  we  may  find  the  cause  of  the  growth 
promoting  power. 

That  life  ])rocessess  are  influenced  and  dependant  upon 
physico-chemical    forces    is    beautifully    demonstrated    by    J. 
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Loeb-^*'').  who  showed  lh;il  Ihc  duralion  ol'  hfc  of  sou- 
urchin  eggs,  Ic'rliUzcd  ;md  iiiiroiiilizod.  ai'c  inrhienccd  by 
the  lemperalure.  Still  l)rlU'i-  are  llie  ex|)ci*inienls  ol'  Loch 
and  N  ()  r  I  h  r  o  [)  "•■'*  with  Ihc  I'luit  I'ly  (lroso|)hila,  (he 
hi'c  ol'  which  as  funclion  of  lemperalure  runs  as  a  mono- 
moleeidar  reaction.  Witliin  a  ccrlaiii  limit  of  teui|)cralurc, 
the  temperature  eoelTicicnt  is  2.  i.  e..  that  at  an  increase  in 
temperature  of  10  C  llic  duration  of  life  is  only  lialf  as 
long. 

It  can  be  seen,  that  the  mechanistic  apprehensions  of 
the  various  life  i)rocesses  are  the  conclusions  of  clean 
cut  experiments,  which  show  the  ultimate  continuity  between 
the  living   matter  and   the   non  living  world. 

Plven  if  it,  at  the  present  time,  looks  as  if  growth  j)romot- 
ing  substances  for  the  tissue  cells  cannot  be  found  as 
definite  substances,  we  are  not  allowed  to  give  up  the 
hope,  that  such  substances  exist.  To  day,  we  are  working 
wdtli  many  different  substances  of  which  we  have  no  know- 
ledge whatever.  So  much  has  been  accomplished  in  immu- 
nology, in  spite  of  the  fact,  that  the  reacting  substances 
are  not  yet  known  or  isolated.  Also  the  vitamines  and  the 
hormones  we  do  not  know  at  all  in  pure  condition. 

Not  many  years  ago  it  w^as  believed  that  a  solution  of 
sodium  chloride  was  a  physiological  solution,  as  soon  as 
it  was  isotonic.  To  day  we  know  that  a  isotonic  sodium 
cloi'ide  solution  is  not  sufficient  to  |)r()lccl  li\ing  cells.  J. 
Loeb  3*''9)  has  shown,  that  a  pure  solution  of  sodium  cloridc 
is  toxic  for  the  cells  and  that  this  toxicity  can  be  neu- 
tralized by  bivalent  or  still  better  b}^  trivalent  ions,  such 
as  Ca+-i-  and  Mg+++  when  added  to  the  NaCl  solution  in 
a  proi)er  quantity,  and  that  also  K^-  is  imjiortant  for  main- 
taining life.  Loeb  explained  this  phenomenon  by  stating 
that  \a,  K  and  (^a  ions  ai-c  combined  with  cL-rlain  colloidal 
substances  within  the  cells.  These  combinations  in  certain 
proportions  in  the  cells  are  necessary  for  the  normal  vital 
processes.    If   one   places    the    cells   in   pure   NaCl   solutions, 
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as  a  rcsull  of  Ihc  mass  action,  the  \a  ions  later  substitute 
the  K  and  Ca  ions  in  llie  cell  body  and  tliey  die.  In  othei* 
words,  NaCl  is  essential  lor  life,  nevertheless  Xadl  is  loxic 
foi-  the  cells  when  it  is  present  as  the  only  salt.  Phe 
analog}',  thai  (lie  growth  |)romoting  substances  and  growth 
inliii)iting  substances  if  such  exist  should  act  in  some  similai' 
manner  does  not  seem  to  be  too  hazardous  a  conclusion. 
The  work  to  he  done  in  this  line,  is  to  find  some  indii'ccl 
methods  for  investigating  the  nature  of  these  sidistances, 
methods  which  do  not  interfere  too  much  with  the  physical 
orientation  of  the  colloidal  or  big-molecular  solutions.  The 
methods  w^hich  are  thought  of  here  will  probably  tend  in 
the  same  direction  as  used  in  the  investigation  of  the  immune 
bodies.  The  conditions  are  very  complex  and  will  require 
much  patience  and  ingenious  observation  for  their  eluci- 
dation. 

GROWTH  OF  FIBROBLASTS  AND  HYDROGEN  ION 
CONCENTRATION  OF  THE  MEDIUM. 

In  connection  with  the  investigation  of  the  physico-che- 
mical properties  of  the  growth  promoting  substances,  ex- 
periments were  undertaken  to  determine  the  role  played 
by  the  hydrogen  ion  concentration  of  the  culture  medium 
in  regard  to  the  growth  of  fibroblasts  cultivated  in  vitro 
for  a  long  period  of  time. 

The  method  used  for  the  determination  of  the  hydrogen 
ion  concentration  in  small  amounts  of  fluid  was  that  of 
F  e  1 1  o  n  188).  For  the  experiments  fibroblasts  from  a  1—2 
months  old  strain  and  fibroblasts  from  the  old  strain  of 
C  a  r  r  els  9  years   old  were  used. 

The  fibroblasts  were  cultivated  for  long  periods  of  time 
in  medi'i  of  known  hydrogen  ion  concentration.  The  vari- 
ation in  the  hydrogen  ion  concentration  of  these  media  were 
obtained   in   the   following  ways. 

Solutions  of  hydrochloric  acid  were  prepared  in  such 
concentrations    that   the   addition   of   one   drop   to   a  certain 
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anioiml     of    cml)ry()iiic    lissiu-     juice    oi"    |)l;ism;i    would    j^ivc 
the    hy<li-()j,U'U    ion    couccnlrMliou    (Icsircd 

Oi"  Munllu'i'  luctliod  WMs  lliis.  Iii;il  S  o  r  c  n  s  c  n  s  slauchird 
|)hos])ii:\t('  solutions,  stcrili/cd  in  pressure  hollies.  weiX'  ad- 
ded lo  llu  cMuhryc^iiic  lissue  juice  in  e(|ual  volumes  lo  ohlain 
dilTercnl    hydrogen    ion    concen  I  rations    ol'    the    media.  ll 

was   ol)served    that    mixlure    ol    end)rvonic    lissue   Juice   and 
Ihese   slandard    pliosphale   solutions    had    no    inhihilin<f  elTecl 
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Fig.  3. 

The    abscissae    indicate   tlie   pH    obtained,   and   the  ordinates  the  pH  of  the 

buffer   solution   added.   Curve  1   represents  the  pH  of  Ringer  solution,   and 

Curve  2  the  pH  of  embryonic  tissue  juice,  to  both  of  which  are  added  the 

different  standardized  buffers  as  indicated  by  the  ordinates. 


on  the  growth  ol'  I'ihrohlasls  except  when  the  liydrogen 
ion  concenlralion  was  such  Ihal  this  alone  caused  an  inhi- 
hiling  inl'luence  on  llie  growth  ot  the  tissue.  A  known 
hydrogen  ion  concentration  was  ohtained  hy  the  I'ollowing 
lechni([ue.  I^reliminary  experimeiils  were  made  in  order 
lo   find   oul    the    I'h   of  a    mixlure   of   emhrNonic    lissue    juice 
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and  a  gi^'t'l  acid.  DillViTiil  uiimhci's  ol'  di'ops  of  Ihc  i-cspcc- 
tivL'  solutions  acid,  alkali  or  hut'fer)  were  added  lo  lid)es 
holdinj^  Iht  same  ainoimls  oT  juice,  and  the  hydrogen  ion 
concenlralion  was  tested.  These  dillerenl  known  reaclions 
of  Ihe  juice  gave  a  curve  in  which  the  amonnl  of  acid: 
necessarv    to    obtain    a  certain    hvdrogen    ion    concentration 
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Fig.  4. 
The  different  hydrogen  ion  concentrations  of  the  media  in  which  the  fourth 
passage  of  the  old  strain  of  fibroblasts  is  cultivated  are  indicated  by  the  ab- 

scissae.    The  ordinates  indicate   the  relative  increase  of  growth,  — .    The  dif- 

ferent  hydrogen  ion  concentrations  in  the  medium  were  obtained  by  adding 
phosphate  buffer  solulions  to  the  extract. 


between    th(    points    found    empirically    could    be    calculated 
by   interpolation,   (fig.  3). 

Equal  volumes  of  the  standardized  buffer  solulions  and 
of  the  tissue  juice  were  used.  To  know  what  Ph  resulted 
in  the  tissue  juice  when  il  was  mixed  with  its  own  volume 
of  buffer  solution,  the  reaclions  obtained  gave  a  straight 
line  when  a  curve  was  plotted,   and  it  was  possible  to  cal- 
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I'lihilr  readily  wliicli  IjunVr  slioiild  be  used  lo  produce 
Ihr  hydroj^U'ii  ion  coiiccnlralioii  desired  in  liie  lissiie  juice 
(fig.  3). 

Iloreidler  il  was  necessary  lo  make  anollicr  lest  in  the 
same  way,  namely  willi  lln'  plasma-lissue  juice  mixliire. 
This  had  lo  I)c  done  rapidly  in  order  lo  mix  indicator 
and  juice-plasma  helore  coaj^ulalion  look  place.  In  olher 
words,   when   fibroblasls   are    lo   be   cullivated  in   a  medium 
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Fig.  5. 
The  different  hydrogen  ion  concentrations  of   the  media    in  which    the  first 
passage  of  the  old  strain   of  fibroblasts   is    cultivated    are  indicated    by   the 
abscissae.   The  ordinates  indicate  the  relative  increase  of  growth.  Phosphate 
buffer  solutions  were  used. 


of,  lei  us  say,  Pli  (>.  preliminary  expcrimenls  lor  those 
particular  media  will  show  what  buffer  solutions  should 
be  added  to  the  juice  which  will  give  Ph  6,  when  combined 
wuth  plasma.  The  test  should  be  made  in  two  steps  for 
each  experiment,  one  for  the  juice-buffer,  and  the  other 
foi'  the  juice-buffer-plasma  mixture,  because  of  the  slight 
differences  in  hydrogen  ion  concentration  of  the  different 
juices  and  plasmas.  The  embryonic  tissue  juice  may  vary 
from  Ph  6,8  to  7,2,  and  the  plasma  from  Ph  7,1  to  8,0. 
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The  cultui-e  of  librohlasls  doslined  for  the  cxpcrinienl 
was  dividod  into  two  equal  parts.  One  fragment  was  cul- 
tivated in  a  mediiun  composed  of  1  drop  of  plasma  anci  1 
drop    of    a  mixture    of    embryonic    tissue    juice    and    buffer 
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Fig.  6. 
Ttie  different  hydrogen  ion    concentrations   of  the  media  in  which  the  fifth 
passage  of   the  old    strain    of   fibroblasts   is   cuhivated   are  indicated  by  the 
abscissae.   The  ordinates  indicate  the  relative  increase  of  growth.  Phosphate 
buffer  solutions  were  used. 


solution.  The  other  fragment,  the  control,  w^as  cultivated 
in  1  drop  of  plasma  and  1  drop  of  embryonic  tissue  juice 
to  which  previously  had  been  added  its  own  volume  of 
Ringers  solution  to  compensate  for  the  addition  to  the 
experimental  culture  of  buffer  solution.  Mica  cover-slip  were 
used,    because    of   the    cover    glass    giving    off   alkali    to    the 
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medium  About  one  hour  al'lcr  llic  pi'cparalioii  ol'  llic  cul- 
lui"i\  an  oulliiic  (Irawinij;  was  (faced  under  llie  |)i'()jecl()- 
sc'oix'.  Ariel  l«S  liours  incubalioii  llie  oidliiie  ol'  llu'  new 
growlh  was  drawn  ol'  llie  control  and  the  ex|)erimenlal 
cuilurt'.     and    calculalions    were    made    hy     Ihe     melliod    dc- 
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Fig.  7. 

The  growth  of  the  four  cultures  of  the  experiinents  expressed 

graphically. 


scribed  in  the  beginning  of  Ihis  chapter.  At  each  passage 
the  culture  was  divided  into  two  parts.  One  IVagnient  was 
kept  as  control  and  the  oilier  placed  in  the  experi menial 
medium,  care  being  taken  to  keep  Ihe  other  factors  con- 
slant,   such   as  the   osmotic   pressure   and   so   on. 

The    curve    ()i)lained    for    the    rale    of    growth    of    fibro- 
blasts cultivated  in  media  containing  different  hydrogen  ion 
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concentrations  varying  from  Ph  5,5  to  8,5,  showed  a  distinct 
maximum  of  growtii  between  Pii  7.1  and  7,8  (figs.  1  to  Oj. 
Tlie  rate  of  growlli  decreased  rapidly  wilh  increasing  hy- 
drogen ion  concenlralion  and  hydroxyl  ion  eoneenlralion  and 
the  curve  ol)lained  was  neai'Iy  symmetrical.  The  curves 
I'caclied  a  maximum  al  Ph  7,1  and  fell  vei\v  I'apidly  on 
l)()tli  sides  of  lliis  point  always  a  little  stee])er  on  the  alka- 
line side  in  spite  of  the  fact  that  the  resistance  against  the 
alkalinilj  was  more  marked.  The  type  of  curves  were  the 
same  in  all  experiments.  By  this  method  it  was  possible 
only  to  investigate  a  short  range  of  concentrations  of  the 
hydrogen  ion.  because  the  coagulation  process  of  the  plasma 
was  interfei'ed  with  when  the  Ph  was  below  5,5  and  above 
8.5;  sometimes  i)recipilalions  occurred  —  so  it  proved  im- 
possible to  draw  any  conclusions  from  the  experiments 
beyond   the   said   range. 

If  the  series  of  experiments  was  repeated  by  carrying 
the  fibroblasts  into  a  new  medium  containing  the  same  hy- 
drogen ion  concentration  as  used  in  the  former  culture 
medium,  it  was  observed  that  the  absolute  ino'ease  of  new 
growth  became  less  and  less  in  the  most  alkaline  and 
most  acid  media,  (fig.  7  and  tables  10— llj.  The  descent  of 
the  curve  on  both  sides  of  the  maximum  became  more  abrupl 
in  the  succeeding  generations  because  of  the  retardation 
of  growth  in  the  media  with  the  highest  alkalinity  and 
acidity;  compare  fig.  5  which  represents  the  first  passage 
and  fig.  6  which  represents  the  fifth  passage. 

By  following  the  growth  of  fiblroblasts  passage  after  pas- 
sage, in  media  containing  the  same  hydrogen  ion  concentra- 
tion, it  was  observed  that  in  the  highest  acidity  (pH  5,5) 
growth  censed  atler  four  Lo  six  passages.  The  !ibrobh>st.s' 
showed  more  resistance  to  higher  alkalinity,  but  at  the 
highest  grade  of  alkalinity  (pH  8,5)  they  grew  for  about 
eight  to  ten  passages.  —  The  optimum  growth  occurred  be- 
tween pH  7,0  and  7.8.  This  was  found  also  to  be  the 
normal    reaction    of    a  mixture    of    plasma    and    embryonic 
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*)  1  cc.  of  buffer  solution  was  added. 
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tissue  juice.  11  can  also  be  seen  thai  I  h  e  s  1  i  g  ii  I  e  s  t, 
variation  o  I'  the  li  y  d  r  o  g  e  n  ion  c  o  n  c  e  u  I  i-  a  I  i  o  n 
o  f  t  h  e  cull  u  r  e  ni  e  d  i  u  ni  result  e  d  i  n  ui  a  r  k  e  d  c  li  a  n- 
gcs  in  the  rate  o  I"  growth  ol"  ti  1)  I'o  h  I  a  s  I  s.  And  it 
is  interesting  to  notice  here  the  fad,  which  has  been  men- 
tioned before,  Ihal  the  differences  were  mostly  ot  ({uanlitative 
nature.  The  only  morphological  change  of  (he  cells  observed 
was  that,  in  the  acid  media  they  showed  more  vacuoles  than 
in  the  alkaline. 

Lewis  and  1<' e  1 1  o  n  •'^'^)  have  investigated  the  intUience 
of  the  hydrogen  ion  concentration  on  the  growlh  of  fibro- 
blasts in  Locke-Lewis  salt  solution.  They  were  able  to 
investigate  a  much  wider  range  of  different  hydrogen  ion 
concentrations  than  I  was  able  to  do,  on  account  of  the 
liquid  media  they  used  for  the  experiments;  on  the  other 
hand  they  were  not  able  by  their  technique  to  invesligale 
the  prolongated  action  of  various  concentrations  of  Ihe  hy- 
drogen ions  on  the  tissue  cells  as  I  was  able  to  do  by 
the  technique  described  here.  They  varied  the  hydrogen 
ion  concentration  from  pH  4,0  to  pH  9,2.  They  determined 
the  hydrogen  ion  concentration  by  the  method  of  Fel- 
t  o  n  i«^;  of  the  culture  media  at  different  stages  of  the 
growth  of  the  cells.  Fibroblasts  cultivated  in  a  medium  wilh 
a  hydrogen  ion  concentration  of  pH  4,0  to  5,5  seldom  showed 
any  growth;  those  in  a  medium  of  pH  5,5  exhibited  growth 
in  a  few  instances;  while  those  in  media  having  a  hydrogen 
ion  concentration  from  pH  6,0  to  pH  9,0  usually  showed 
abundant  growth. 


IV. 

THCMori:  I'OR    lISSrH  CTLTIYATION 


The  oiilliiirs  ol'  llu'  im-lliod  lor  cultivaling  (issue  eells 
in  vitro  are  very  imieli  llie  same  lo-day  as  described  l)y 
Harrison-"'  in  1!)()7.  Before  llial  lime  many  investiga- 
tors had  ah'eady  Ihoiighl  ol'  the  possibility  of  growing  tis- 
sues outside  the  organism,  but  nothing  really  came  of  it. 
Harrison  -1'^  demonstrated  thai  embryonic  tissue  of  the 
frog,  transplanted  into  coagulable  lymph,  was  able  to  develop, 
in  a  normal  way.  At  lliat  time  (barrel  was  interested  in 
cicatrization  of  wounds  and  decided  to  develop  a  teclinitpie 
which  could  be  ai)])lied  to  the  cultivation  of  adult  (issues. 
B  u  r  r  o  w  s  studied  the  techni(|ue  in  H  a  r  r  i  so  n"s  labora- 
tory and  together  with  Carrel  they  developed  the  beautiful 
tcchnic|ue  for  tissue  cultivation  which  gradually  has  been 
modified  and  imi)roved.  But  in  the  headlines  the  lechni(|ue 
is  the  same  to-day. 

Insteaa  of  using  the  lymj)h  as  Harrison  did.  Bur- 
rows and  Carrel  used  |)lasmti  from  the  same  or  from 
different  species.  It  was  soon  found  by  Carrel  and  Bur- 
rows in  what  direction  this  line  of  research  should  go. 
It  was  observed  that  the  tissue  could  be  kept  alive  and 
actively  growing  by  making  secondary  and  tertiary  cultures. 
The  little  fragmen(  of  explanted  tissue  was  able  to  emi( 
new  cells  when  cut  out  of  the  old  culture  medium,  washed 
in  Ringer's  solution  and  i)laced  in  anew  fresh  plasma. 
C  a  r  r  e  Is  thought  was  that  senescence  was  an  unneccessary 
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phenomenon  which  could  be  suppressed  by  freeing  Ihe 
cells  i'rom  the  caUibolic  substances  in  the  exhausted  culture 
medium   and   transfer   them    to   a  fresh  medium. 

Later  Carrel'"^)  found  that  certain  tissue  extracts  ac- 
celerated the  growth  markedly  and  that  especially  the  ad- 
dition of  embryonic  tissue  juice  of  the  same  species  as  the 
tissue  cells  to  tlu'  plasma  medium  had  an  enormously 
growth-promoting  effect.  In  this  way  it  was  possible  to  keep 
the  tissues  living  in  vitro  indefinitely.  The  importance  of 
having  pure  strains  for  experiments  has  already  been  men- 
tioned. 

In  contrast  to  this  technique,  other  investigators  have 
been  employing  totally  diffei'ent  techniques  which  are  sim- 
pler in  a  way  but  give  a  field  of  investigation  which  seems 
to  be  far  more  limited.  Lewis  and  Lewis  who  have 
developed  this  technique  are  not  interested  in  having  strains 
of  tissue,  but  make  their  observations  on  one-generation 
experiments.  This  technique  is  limited  to  morphological  stu- 
dies of  the  tissue  cells  and  is  an  excellent  method  for 
histological  and  embryoiogical  investigation.  For  this  purpose 
much  simpler  culture  medi.i  can  be  applied.  Experiments 
of  this  kind  will  not  give  us  much  physiological  informa- 
tion; because  it  litei'ally  is  not  a  culture,  but  a  mere  survival 
of  tissues  under  much  loo  complex  conditions.  If  one  wishes 
to  study  the  influences  of  certain  substances,  more  or  less 
harmless  in  character,  it  often  takes  time  before  they  affect 
the  tissues,  just  as  w'ell  as  the  fresh,  in  saline  solution 
explanted.  tissues  do  not  immediatel}'  die,  on  account  of 
the  juices  which  are  brought  to  the  culture  medium  by 
the  tissue  itself.  There  is  a  certain  period  of  latency  before 
the    tissue   becomes   adapted   to   new   environments. 

The  technique  used  for  the  cultivation  of  tissue  cells 
has  in  the  meantime,  been  simplified. 

It  is  known  that  during  a  certain  stage  of  the  early  investi- 
gations in  tissue  cultivation  it  was  found  that  a  slight  hypo- 
tonic  plasma-medium    gave    the    best    results.    This   does   not 
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seem  lo  Ih'  llic  cMsc.  I-;  I)  (•  I  i  II  ^'  ""  has  invesli<fnle(l  Ihe 
influcnc."  <•!  (littcicr.l  osmotic  picssiii-cs  on  llie  i^rowth  of 
t'iln-ol)l;isls  ;iii(l  round  tluil  (lcci-c;is,'  and  increase  in  osniolic 
picssni't-  I'esnlled  in  a  lower  ^rowlli  rale  .\|)|)arenlly  llic 
widlh  ol  llu'  area  of  new  cells  <^ro\\  n  in  a  hypotonic  cnl- 
Inri'  medinni  was  lar^ei\  hul  (liinnei-.  so  Ihal  (he  aclual 
amount    ol'    new    lissue    was    less. 

I'Or  (|nik'  sonic  time  it  was  staled  l)y  (',  a  i' r  e  I  '■'  Ihal 
when  cuilnres  were  kept  under  conditions  in  wiiich  Iwo 
phases  allernated.  a  phasi-  ol  aclive  lite  in  a  |)lasmatic  me- 
dium in  Ihe  incubator,  and  a  piiasc  ol'  lalcid  life  in  H  i  ji- 
gers  solulion  in  Ihe  rel'rigeralor,  they  could  easily  he 
kepi  alive. 

The  Ihonghl  was  this,  thai  during  the  lalenl  period  of 
life  all  the  calabolic  substances  could  be  removed  and  then 
be  rejuvinated  for  the  aclive  period  of  life  in  the  culture 
medium  But  it  was  observed  shortly  after  that  a  much 
more  uniform  growth  could  he  obtained  by  a  sim])le  and 
bricl"  washing  in  Ringer's  solulion  and  afterwards  being 
transferred  to  a  fresh  medium. 

The  technical  paiM  of  the  culture  work,  as  it  according 
to    Carrel    is   carried    out    today,    shall   be   described. 

PREPARATION  OF  THE  CULTURE  MEDIA. 

1.  Prei^aralion  of  the  Plasma.  The  animal  of 
which  llu  plasma  is  to  be  taken  is  usually  starved  for  a  day 
or  so  previous  lo  llie  blood  being  taken.  P\)r  tlie  cultivation 
of  chicken  tissues,  the  plasma  is  taken  from  adult  chickens. 
The  best  plasma  is  obtained  from  young,  healthy  adult 
chickens  not  over  two  years  old.  If  the  chickens  are  not 
starved  twenty-four  hours  before  bleeding,  the  plasma  ob- 
tained is  turbid  and  rich  in  fat  globules.  Such  plasma 
gives  ail  unclear  clot  in  which  the  cells  do  not  develop  as 
well  as  in  tlie  clear  |)lasma.  Under  ether  narcosis  the  blood 
vessel,  arlerv  oi"  vein,  usually  one  of  the  carolids.  is  dissected 
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free  I'roiii  Ihe  surrounding  lissue.  The  wall  oT  llie  l)lood 
vessel  is  cleaned  with  dry  gauze  and  covered  with  olive  oil. 
If  an  ai'lcry  is  used  the  pari  distal  to  the  place  selecled 
for  the  incision  is  closed  with  a  ligature  and  the  part  cen- 
tral to  the  place  of  incision  is  closed  with  a  scrresfines.  The 
vessel  wall  is  then  opened  by  a  slight  cut  with  a  paii'  of 
small  scissors  and  a  cannula,  which  previously  has  been  ste- 
rilized in  olive  oil,  is  inserted  inlo  the  lumen  of  the  vessel. 
A  ligature  is  then  made  round  the  blood  vessel  to  fix  the 
cannula  tightly.  The  serresfines  on  the  central  part  of  the 
vessel  is  taken  away  and  the  blood  now^  flows  out  of  the 
cannula.  The  first  few  c.  c.  of  blood  are  not  collected  but 
then  the  blood  is  allowed  to  flow-  down  into  paraffin- 
coated  tubes,  previously  cooled  at  0 '  C.  The  tubes  are  corked 
and  centrifuged  for  five  minutes.  The  supernatant  plasma  is 
removea  with  pipettes  coated  with  paraffin.  The  plasma  is 
stored  in  pai'affin-coaled  tubes  in  an  ice-box.  In  this  way 
the  plasma  from  chickens  can  be  kept  fluid  for  several 
weeks. 

2.  Preparation  of  the  Embryonic  Tissue 
Juice.  Fresh  fertile  eggs  are  incubated  in  the  usual  way 
at  a  temperature  of  about  39  °  C.  The  air  in  the  incubator 
is  allovveci  a  certain  humidity.  Every  day  the  eggs  are  moved 
to  prevent  the  embryo  keeping  the  same  position  all  the 
time.  Wher-  the  eggs  have  l)een  incubated  about  1 — 7  days, 
they  arc  candled  to  see  if  they  are  good. 

The  embryo  used  for  making  the  extract  are  usually  from 
7  to  10  days  old.  The  eggs  are  opened  by  cracking  the 
shell  on  the  upper  quarter  of  the  shell  at  the  broad  end. 
The  shell  is  taken  away  as  a  little  cap.  This  part  corres- 
ponds to  the  air  chamber  of  the  egg.  The  snowy  white  mem- 
brane just  under  the  shell  is  opened  with  a  small  sterile 
forceps  and  the  amnionic  sac  appears  w^ith  the  rich  vas- 
cular system  shining  through.  With  a  small  pair  of  scissors 
this  sac  is  opened  and  one  can  now,  with  an  iris  forceps, 
grasp    the    little    embryo    around    its    neck    and    remove    it 
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wilhoul  loiicliing  the  shell.  In  this  way  sufficient  embryos 
are  colleeled  on  :i  sterile  watchglass.  The  embryos  are  wa- 
shed wilii  a  iilllf  l{in<^ei-s  solution  which  is  drawn  off 
again  will  a  pipette.  Then  the  embryos  are  cut  up  with 
a  pair  ol  small  curved  scissors,  until  a  line  pulp  is  obtained 
and  then  this  is  j)lace(l  in  small  narrow  (5  m.  m.  in  dia- 
meter lubes  \)\  means  of  a  pipette  and  centrifuged  for 
ten  minutes.  The  supernatant  fluid  in  these  tubes  is  then 
ready  for  use.  The  fluid  is  a  little  opaque  and  rather  mucous. 
I  have  observed  that  the  embryonic  tissue  juice  obtained 
in  this  way  has  a  much  more  activating  power  than  if  the 
embryos  were  ground  with  sand  or  kieselgur  in  a  mortar. 
It  is  always  advisable  to  draw  off  the  tissue  juice  from 
I  he  pulp  and  keep  it  sepai'ately  in  the  refrigerator.  It  keeps 
betlei"  and  the  hydrogen  ion  concentration  keeps  more  con- 
stant for  a  longer  period  of  time.  The  tissue  juice  loses  its 
activating  power  and  becomes  rather  acid  if  the  tissue 
pulp  is  allowed  to  remain  with  the  juice.  Usually  the  tissue 
juice  is  prepared  fresh  every  time  it  is  to  be  used. 

MAKING  THE  CULTURES. 

The   apparatus  necessary   for   the  complete  culture  work 
is  the  following: 

The  plasma  in  paraffin-coated  tubes 

The   embryonic  tissue  juice 

Ringer's  solution 

Tyrodes    solution 

Rubber  nipples  for  the  pipettes  (autoclaved  in  water) 

Pasteur  pipettes 

Centrifuge  tubes 

Big  glass  dishes,  containing  the  hollow  slides 

Coverglasses 

Cataract  knives 

Steel  needle  on  a  shaft 

Coverglass  forceps 

Iris  forceps 
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Small  straight  and  curved  scissors 

Vaseline 

Glass  rods 

Gauze,    filter    paper 

Black   cloth   for  covering   the   tahle. 

Formula   for   T  v  r  o  d  es   solution: 


NaCl 

8,0  grams, 

KCl 

0,20     „ 

CaCl2 

0,20     „ 

MgCl^ 

0,20     „ 

NaHa 

PO4 

0,05     „ 

NAHCO3 

1,0        „ 

Glucose  jl,0       „ 

H2O  1000,0       „ 

Formula   for   R  i  n  g  e  r's  solution. 

NaCl  [9,0  grams. 

KCl  0,42     „ 

CaCla  0,25     „ 

H,0  1000,0     „ 

Method  of  cleaning  slides,  cover  glasses  and 
pipettes.  Boile  for  10  minutes  in  water  with  ordinary 
unperfumed  handsoap.  Allow  luke-warm  water  to  run  until 
all  soap  has  disappeared.  The  glasswares  are  placed  in 
96  0/0    alcohol    and   hereafter   polished   with   a   clean   towel. 

It  is  hardly  necessary  to  say  that  all  of  the  utensils  have 
to    be   sterilized   in   the   proper  way. 

The  room  for  the  operations  must  be  clean  and  not  too 
cold. 

The  pipettes  are  supplied  with  rubber  nipples  and  filled 
with  the  respective  solutions,  plasma,  tissue  juice  and  Rin- 
ger's solution  and  kept  on  the  table  under  cover  of  the 
sterile   centrifuge   tubes   which   ai'e   placed  on  the   table. 
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The  covorf^lassos  nrc  laid  on  the  tabic  and  a  drop  of 
l)lasnia  delivered  Iroin  llie  pipelle  which  has  to  be  kept 
slrielly  vi'i-lical  in  older  (o  (h'liver  even-sized  drops.  The 
pipettes  are  cnlihiMled  so  Dial  Ihev  all  deliver  dro|)s  ol"  prac- 
tically tlie  same  size.  The  plasma  is  spread  out  with  the 
cataract  knil'e  so  that  it  covers  an  area  ol'  about  10-  15  m.  ni. 
in  diameter.  With  the  point  ol'  llie  knil'e  Ihe  little  I'rag- 
ment  of  tissue  to  be  cultivated  is  placed  in  the  i)lasma  and 
a  drop  of  the  embryonic  tissue  juice  is  added  and  the  mix- 
ture stirred  with  the  knil'e.  Small  amounts  of  vaseline  arc 
placed  on  the  hollow  slides  and  they  are  inverted  and  pla- 
ced over  the  coverf^lass  lying  on  the  table.  This  has  to  be 
done  rather  (piickly  to  avoid  loo  much  evaporation  from 
the  culture  media.  After  a  minute  or  so  the  coagulation  of 
the  cullurt  medium  has  taken  place  and  the  slides  with 
the  cover  glass  can  be  taken  up  and  sealed  with  paraffin. 
Immediately  after  the  preparation  they  are  placed  in  the 
incubator  (39°  C).  Here  they  are  allowed  to  grow  undis- 
turbed for  18  lioui's,  after  which  time  they  are  transferred 
to  a  fresh  nu'dium.  The  coverglass  is  lifted  with  the  heated 
point  of  a  blunt  cataract  knife.  It  is  then  placed  upon  a 
piece  of  black  glass  or  similar  material  of  about  one  inch 
thick.  It  is  necessary  for  cutting  the  cultui'e  to  be  able 
to  lowei'  the  wrist  sufficiently  to  place  the  cutting  edge  of 
the  knife  i)arallel  willi  Ihe  surface  of  the  culture.  The  tiny 
tissue-fragnu'ut  and  its  crown  of  new  growth  can  be  seen 
better  on  the  black  background.  The  fragment  is  extirpated 
bj'  four  clean  cuts  made  with  the  blade  of  a  sharp  cataract 
knife  within  the  area  of  new  growth  and  divided  into  two 
or  three  pieces  of  as  equal  a  size  as  possible.  The  pieces 
are  transferred  with  the  point  of  the  knife  to  an  oval  slide 
containing  Ringer's  solution.  They  are  allowed  to  remain 
in  the  bath  for  about  i^^  seconds.-  In  the  meantime  the  new 
medium  is  jjrepared  on  the  coverglasses  in  the  way  just 
described  and  the  fragments  placed  in  il.  ^^  hen  many  cul- 
tures have   to  be   changed,   it   is  safest   to   take  a  new  knife 
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for  every  1  cuttings  or  so  to  avoid  bringing  possible  in  lec- 
tions  material   from   one   culture  to   another. 

The  fragments  of  tissue  arc  ti'ansferred  l)y  means  of  the 
knife  }M)int  to  the  me(nuni.  They  must  be  embedded  llio- 
roughly  in  it  williout  folding  or  curling.  This  step  must  be 
cai'ried  out  ra])idly  to  guard  against  embedding  after  coa- 
gulation has  set  in.  In  between  the  manijjulation  the  prepa- 
rations are  kept  under  a  large  Petri  dish  in  order  to 
avoid    bactericial    contamination    from    the   air. 

This  techniciue  briefly  described  here  can  l)e  api)lied 
to  the  cultivation  of  all  kinds  of  tissues  in  general.  Slight 
modification  may  be  necessary  though  in  general  the  prin- 
ciples are  very  much  the  same.  It  will  be  described  in  detail 
in  anothei-  chapter. 

In  the  meantime,  several  investigators  have  tried  to  sim- 
plify the  culture-technique  by  operating  with  simpler  and 
less  complicated  media.  As  mentioned  often  before,  Lewis 
and  Lewis  ^^^)  ^■'^)  used  different  salt  solutions  with  the 
addition  of  chicken  broth,  agar,  and  so  on;  S  w  e  z  y  ^9") 
used  a  medium  composed  of  egg  albumin  and  muscle  ex- 
tract. The  growth  obtained  in  these  various  media  was  not 
equal  to  that  in  plasma  or  hmiph.  Ebeling  and  Carrel 
found  that  the  fibrin  has  no  other  value  for  the  cells 
thaji  to  serve  as  a  scaffold  for  new  cells.  Ebeling  ^•5-) 
worked  out  a  technique  by  which  the  medium  was  prepared 
from  fibrinogen,  serum  and  tissue  juice  and  quite  recently 
by  using  only  fibrinogen,  tissue  juice  and  Tyrode's  solu- 
tion, or  fibrinogen,  egg  albumin  and  tissue  juice.  In  this  way 
it  was  possible  to  get  rid  of  the  growth  inhibiting  factor  in 
the  serum.  In  the  beginning  there  was  some  trouble  in 
using  fibrinogen,  tissue  juice  and  egg  albumin,  for  liquefac- 
tion of  the  culture-medium  occurred  after  a  short  period  of 
incubation.  But  this  was  overcome  by  adding  a  trace  of 
unsaturated  fatty  acids  to  the  medium.  Sodium  linoleate 
was  used  and  no  liquefaction  occurred.  The  investigations 
mentioned  have  just  begun  and  can  only  be  looked  upon 
as   being   of   great   value   and   importance. 
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The  |)i('|);ti-;ili<»ii  i>t'  tin-  lilJiMnogcn  is  carried  out  :ul  mo- 
dum  Milhinb.N  '"  or  hy  precipitation  with  piirilicd  CO,,. 
The  t'ibrino^t'ii  suspended  in  a  small  amount  of  distilled 
watei-  had  the  a|)j)earance  of  rich  milk  This  suspension 
could  easily  he  redissolvcd  in  serum  or  Tyrodes  solution 
and  hy  tin  addition  of  enil)ryonic  tissue  juice  to  the  fihri- 
nof^en  serum  or  rihi*ino<feii-'ryrode  solution  jfave  a  clear  lii'ni 
clot.  The  j.;ro\\lh  in  a  medium  composed  of  12..")  ".i  lihrinoi^en 
suspension.  .'{7.5  "o  serum  and  .50  o/o  eiuhryonic  tissue  juice 
was  a  little  less  extensive  than  in  the  medium  coni]K)sed 
of  plasma  and  tissue  juice.  Tlir  advantages  of  using  fibri- 
nogen are  numerous  and  will  he  still  more  valuable  when 
the   scrum    itself  can    h(^   (eliminated. 

rm-:  rate  of  growth  and  its  estimation.) 

It  has  often  l)een  observed  (hat  two  fragments  of  the 
same  tissue  placed  in  identical  media  do  not  grow  at  the 
same  rate  and  that  these  differences  in  rate  of  gi'owth  can 
be  explained  as  technical  errors.  It  is  therefore  highly  im- 
portant to  know  a  little  about  these  technical  errors  in 
order  to  be  able  to  judge  an  experimental  result.  E  b  e- 
1  i  n  g  "'•■'^  has  investigated  this  particular  point  and  found 
thai  the  experimental  erroi-  in  regard  lo  such  complicated 
experiments  could  be  reduced  to  less  than  10  "o.  Special 
care  has  to  be  taken  in  the  selection  of  the  cultures  for 
experiment,  preparation  of  the  tissue  and  the  preparation 
of  the   nu'dia   according   to   labeling. 

SELECT10X70F  THE  TISSUE. 

The  cultures  lo  be  selected  for  exj^ei'imcnts  have  lo  be  in  a 
healthy  condition,  i.  e.,  the  central  portion  must  not  be 
too  thick  and  dense;  there  will  often  be  a  necrotic  part. 
The  necrotic  portions  can  easily  he  detected  by  their  com- 
plete opacity  to  Iransmiltcd  light  and  they  apiiear  as  white 
spots  when  seen  by  reflected  light.  The  tissue  for  ex- 
periments   is    best    when    it    has    an    even,    good    density    of 
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healthy  looking  cells.  Therefore,  only  strains  which  have 
been  cultivated  for  a  longer  period  of  time  in  vitro  (3  or  1 
weeks'^  are  good  for  experiments.  Fresh  tissue  cannot  be 
conti'olled,  the  size  (area  and  liiickness)  cannot  be  measured 
easily  and  besides  this  it  contains  usually  all  kinds  of  tissue 
elements  which  comi)licale  the  experiments.  On  the  con- 
trary, tissue  cultures  with  a  big  area  of  new  growth,  but 
scattered  around  in  a  loose  meshwork  with  rather  big  spaces 
in    between    the    cells,    must    be    discarded    for    experiments. 

PREPARATION  OF  THE  TISSUE.? 
For  experiments  it  is  necessary  always  to  have  reliable 
controls.  Therefore,  the  selected  culture  has  to  be  divided 
into  two  or  four  j)arts  and  one  of  them  serve  as  contix)!  for 
the  others.  It  is  necessary  to  make  the  control  and  experi- 
mental culture  out  of  the  same  fragment;  there  may  be 
differences  in  activity  and  structural  conditions  betw^een 
tv^'o  entirely  different  cultures.  The  tissue  is  extirpated  fronn 
the  coagulum  by  four  clean  cuts  with  a  sharj)  cataract 
knife.  Any  part  of  the  coagulum  which  has  nol  been  invaded 
by  the  cells  must  not  be  left  around  the  tissue.  If  the  incisions 
are  not  very  clean,  the  coagulated  plasma  may  become 
twisted  and  folded  and  when  placed  in  the  new  medium, 
may  prevent  it  from  growing  regularly.  Hereafter  the  ex- 
tirpated fragment  is  divided  in  as  equal  pieces  as  possible, 
washed  in  Ringers  solution  and  placed  in  the  new  media. 
If  the  difference  in  size  of  the  new  fragments  is  too  great; 
this  alone  will  cause  a  difference  in  rate  of  growth.  It  was 
observed  by  Burrows  that  the  new  cells  travel  further 
aw'ay  from  a  big  piece  than  from  a  small  piece,  probably  due 
to  the  accumulation  of  more  waste  products  in  the  larger 
piece  than   in  the  smaller. 

PREPARATION  OF  THE  MEDIA. 

It  is  hardly  necessary  to  mention  that  all  chemicals  used 
lor  preparing  R  i  n  g  e  r  s  solution  have  to  be  of  the  purest. 
The  glass  wares  used  for  preparing  the  media  must  be  such 
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thai  th(\v  (1(»  iiol  increase  Ihc  alkalinily  of  the  fluids.  The 
(lislilk'd  walcr  is  rcdisstilled  in  Pyrex  or  Jena  glassware. 
The  |)ij)elles  air  made  of  alkali  free  <ilass.  Mica  is  used 
instead  of  e()vc'i"<*lass.  It  is  iinporlani  now  and  then  lo  test 
the  hydrof.;('n  ion  eoneenlration  of  Ihc  watci-.  Hingei's  solu- 
tion, of  the  tissue  juices,  and  so  on. 

PREPARATION  OF  Till:  CTITI'RES. 

It  is  iin|)oiianl  lo  use  calibrated  i)i|)elles  for  measuring 
the  di'ops  of  plasma  and  tissue  juice.  It  is  absolutely  neces- 
sary, in  ordei'  to  obtain  coniijarable  results,  lo  use  culture 
media  of  the  same  volume  and  same  composition  and  allow 
the  medium  to  occupy  the  same  area  on  the  coverglass.  The 
growth  varies  much  when  the  clot  is  of  different  thickness, 
firstly  owing  to  the  oxygen  tension,  and  also  due  to  the  me- 
chanical structure  of  the  fibrin  meshwork.  To  obtain  clots 
with  the  same  area,  one  can  place  the  coverglass  on  a  piece 
of  paper  on  which  a  circle  has  been  traced,  or  trace  a 
circle  on  the  mica  if  mica  is  used.  After  the  plasma  is 
dropper^  on  the  glass,  it  is  spread  out  with  the  point  of 
a  knife  in  such  a  way  thai  it  covers  the  circle  made  on  the 
paper.  When  the  volumes  of  the  media  are  the  same  and 
when  the  area  which  the  fluid  is  allowed  to  lake  is  constant, 
the  thickness  of  the  clot  will  be  the  same  and  the  oxygen 
tension  will  be  the  same  for  (he  tissues  in  all  cultures.  The 
capacity  of  the  hollow  slides  must  also  be  identical.  If  one 
is  larger  the  evapoi'alion  is  greater  and  changes  in  con- 
centration of  the  media  occur.  If  one  has  to  make  experi- 
ments as  lo  what  effect,  for  instance,  the  dilution  of  the  tis- 
sue juice  has  on  the  rale  of  growth,  care  must  be  taken  lo 
have  all  conditions  the  same  as  the  one  which  is  to  be  ex- 
amined. If  the  influence  of  various  substances  on  the  rate 
of  growth  has  to  be  tried  and  these  added  lo  the  experimen- 
tal culture  il  is  necessary  to  com|iensate  the  dilution  of  the 
experimental  culture  by  diluting  also  the  culture  medium 
of  the  control  with  Ringer  or  Tyrodc  solution  in  i)roporli()ii. 
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MEASUREMENT. 
According  lo  E  b  o  1  i  n  g  i'^'')  the  measiiremciils  can  only 
be  undertaken  indirectly  as  we  have  no  techni([ue  devel- 
oped at  the  present  time  tor  directly  measuring  the  actual 
increase  in  mass  of  tissue.  In  s{)ile  of  the  inaccuracy  of 
the  method,  many  new  facts  have  lieen  discovered.  When 
proper  care  is  taken,  the  Ihickness  of  the  new  tissue  does 
not  vary  and  can,  Iherefore.  be  disregarded.  The  measure- 
ments of  the  areas  of  new  tissues  can  be  made  in  two  dif- 
ferent ways,  either  by  measuring  the  width  of  the  ring  of 
new  cells  surrounding  the  original  fragment,  or  by  measuring 
the  area  of  new  growth.  The  lasl  method  gives  more  pre- 
cise results.  About  an  hour  after  the  cultures  have  been 
prepared  they  are  examined  under  the  microscope  to  see 
whether  they  are  still  in  good  shape,  whether  they  are  cut 
neatly,  whether  there  is  any  folding  of  the  edges  and 
whether  the  coagulation  of  the  new  medium  has  taken  place 
and  so  on.  Then  the  cultures  are  placed  in  a  vertical  pro- 
jecting apparatus  E  dinger  and  the  outline  of  the  frag- 
ment is  traced  on  a  sheet  of  paper.  This  operation  recjuircs 
not  more  than  20  seconds.  It  is  important  to  avoid  over- 
heating the  culture  while  being  projected.  After  48  hours 
incubation  a  second  drawing  is  made.  Of  course  one  has, 
in  many  cases,  here  to  judge  a  little  where  to  make  the 
outline;  sometimes  the  periphery  may  be  a  little  irregular, 
and  this,  naturally,  does  not  mean  to  trace  single  cells  which 
may  have  migrated  a  little  further  than  the  rest  of  the  big 
mass.  If  the  outlines  of  the  new  growth  are  very  irregular, 
some  mistake  has  been  made  and  the  culture  should  be  re- 
jected. Afterwards  the  area  of  the  original  fragment  and  the 
total  area  after  48  hours  are  measured  with  the  planimeter 
and  expressed  in  square  centimeters.  The  total  area  minus 
the  area  of  the  original  fragment  is  the  absolute  increase  of 
the  fragment.  This  area,  divided  by  the  area  of  the  i)rimi- 
live  fragment,  is  the  relative  increase  of  the  fragment.  The 
relative    increase    cjf    the    experimental    fragment   divided   by 
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tin-   rt'lalivc    iiu-rcasc  of   Ihc   conlrol    fragment   cxprossos   the 
quotiriil.    {^rowlli    intirx. 

I^  1)  (' I  i  n  g  " '■  showed,  as  niciilioiicd.  Ihal  if  two  frag- 
ments derived  from  one  eulture  are  eulli\aled  under  such 
uniform  conditions  as  (lescril)ed  above,  the  (ntferences  ob- 
tained are  less  Hum  10  Oo.  H  requires,  of  course,  a  fairly 
long  period  of  practice  and  patience  U)  hi-  al)le  to  trust  one's 
teehni(|ue. 

As  it  has  lieen  pointed  out  by  E  b  c  1  i  n  g  i*'-'),  the  value 
of  the  growth  of  a  |)iece  of  tissue  is  compared  only  with 
the  value  of  Ihe  gi'owth  of  auolhei-  piece  of  the  same  tis- 
sue. Therefore,  the  absolute  value  of  the  growth  is  not  of 
great  importance  and  factors  which  do  not  modify  the  rela- 
tive value  of  the  growth  can  be  disregarded.  The  factors  re- 
ferred to  are  the  different  (jualities  of  the  plasma,  tissue 
juices,  variations  in  Hie  lemjierature  in  the  incubator,  and 
so  on. 

Several  investigators  liave  attempted  to  develoj)  a  tech- 
nifpie  by  which  it  shoidd  be  possible  to  maintain  tissues  in 
a  condition  of  uninterrupted  growth  for  long  periods  of 
time,  (Romeis  ^^^\  B  u  r  i- o  w  s  -'').  Fischer*)\  Tne  tech- 
nical difficulties  were  rather  great,  therefore,  the  principle 
of  a  method  of  cultivating  tissue  cells  in  vitro  has  been 
given  up  for  a  while.  Quite  recently  Carrel^'')  has  taken 
Uj)  the  i)r()blem  and  worked  out  a  method,  although  far 
from    perfect,    but    indeed    very    important    and    useful. 

The  problem  consists  of  supplying  the  tissue  cells  with 
the  necessary  food  and  at  the  same  tinu'  removing  the 
decomposition  products  from  the  culture  without  disturbing 
the    tissue    and    without    bacterial    contamination. 

Burrows-^  and  Romeis^'^')  have  constructed  com- 
plicated apparatus  which  allow  a  continuous  current  of 
solutions  containing  nourishing  substances  to  overflow  the 
tissue.  1  *)  have  applied  thin  discs  of  elderberry  pith  as 
support  for  the  growing  tissue  while  the  pith  was 
')  Fisclier  A.,  unpublistied  experiments. 
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floating  on  embryonic  lissiie  juice.  Once  a  week  or  so, 
the  fluid,  containing  Ihe  catabolic  substances  was  aspiraled 
by  means  of  a  pipe  lie  and  replaced  with  a  new  fresh 
fluid  containing  the  food  materials.  None  of  the  jnethods 
have   had   any  practical  applications  so   far. 

Carrel  '"^)  solved  the  problem  by  conslructing  con- 
tainers and  instruments  for  the  special  manijniialicjn  of 
the  cultures.  The  principle  is,  that  the  culture  medium 
is  composed  of  two  parts,  solid  and  fluid;  the  soliti  medium 
is  continually  bathed  by  the  fluid  medium,  which  is  changed 
as    often    it   is    necessary. 

The  containers  are  flat,  round  flasks  with  a  3  cm.  long] 
and  1  cm.  wide  oblicjue  necks  through  whicli  the  media 
may  be  introduced  and  removed.  The  neck  is  closed  with 
absorbent  cotton  and  a  rubber  cap.  Five  types  of  flasks  have 
been  constructed  so  far.  One  type  has  an  opening  (3  cm. 
in  diameter)  at  the  top,  and  is  used  for  the  cultivation 
of  tissues  which  cannot  be  handled  conveniently  througli 
the  neck  of  the  flask.  Tlie  opening  is  closed  by  a  disc 
of  glass  or  mica.  xVnother  type  has  two  necks  opposite 
each  other  to  use  when  bimanual  operation  is  necessary. 
Another  type  has  a  bottom  opening  closed  by  a  thin  mica 
plate  and  a  top  opening.  This  type  is  used  when  the  culture 
has  to  be  examined  by  the  high  power  microscope  during 
the  cultivation.  The  culture  can  be  removed  by  the  mica 
plate  at  the  bottom,  fixed  in  formaldehyde,  stained  and 
studied    under    high    magnification. 

The  culture  medium  is  composed  of  two  parts,  solid 
and  fluid.  The  solid  medium  is  obtained  by  the  plasma  clot 
or  fibrinogen,  and  the  fluid  medium  consists  of  thin  solutions 
containing    the    food    material. 

The  plasma  is  introduced  first  (0,5  cc.  generally)  and 
allowed  to  moisten  the  whole  bottom.  Then  1,5  cc.  of 
Tyrode  solution  containing  5  per  cent  tissue  juice,  is 
introducec:  and  mixed  with  the  plasma.  Before  the  coagula- 
tion   takes    place,    the    fragments    of    tissues    are   introduced 
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1)V  menus  ol'  :i  loiij^  philiiiuin  s|);itul:i  Alter  llie  coajfulalion 
has  lakeii  |)laee.  llie  lliiiil  luediiiin  is  poui'ed  on  llie  siirrace 
ol"   the   elol  and    Ihc   neck   is   rianied   and   closed   by   llic 

eolloii    and    a    rui)l)er    cai). 

The  riiiid  medium  is  changed  every  2  lo  1  (hiys  aeeoj-ding 
lo  the  nature  of  tlie  eultui-e.  The  fluid  is  as])iraled  by 
means  of  a  pipette  or  an  asj)Ji-aloi-  and  llie  new  fluid 
introduced.  It  is  claimed  by  Carrel'''^^  that  it  is  possible 
to   handle   about   <i()  flasks   in  one  hour. 

The  measurement  of  the  rale  of  growth  is  luiderlaken 
exacti}  in  the  same  manner  as  described  foi-  the  hanging 
drop  cultures. 

By  this  method  it  has  been  observed  that  when  the 
area  of  growth  of  connective  tissue  or  epithelium  is  plotted 
in  the  ordinate  and  the  time  in  abscissie  the  curve  ex])ressing 
the  growlli  is  a  parabola.  This  is  only  the  case,  when  the 
fluid  medium  contains  nutrient  substances.  If  the  fluid  me- 
dium was  composed  only  of  Tyrode  solution  or  serum,  in 
othei-  words,  a  non-nutrient  metlium.  the  growth  represents 
the  residual  activity  of  the  tissue  and  the  curve  is  generally 
an  S-shaped  curve. 

The  usual  accidents  by  this  method  may  be  traced  back 
to  bacterial  contamination.  Special  care  has  to  be  taken, 
when  the  same  containers  have  lo  be  handled  several  times 
during  an  experiment  —  but  experience  has  taught  that 
bacterial  contamination  can  be  avoided  when  the  ])ro|)er 
care    is    taken. 

A  culture  of  fibroblasts,  epithelium  or  lymphocytes  can 
be  kept  in  a  condition  of  uninterrujjted  life  foi-  about  3 
weeks    by    this    new    method. 

Besides  the  methods  for  cidtivation  of  tissue  cells  in 
vitro  already  described,  there  are  still  several  methods  of 
explantations  which  are  mere  survivals  of  tissue  cells  in 
vitro  and  cannot  be  called  tissue  cultivation  and  are  used 
by    many    investigators;    it    is   not    important    and    necessary 
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to  describe  all  variations  ol'  these  inelliods,  but  only  to 
mention  the  prototype  for  I  lie  technique  namely  that  devel- 
oped by  the  Lewis's,  l^'or  the  cultivation  of  tissues  from 
cold  blooded  animals,  the  lecliniciue  of  Braus  -^),  U  li  1  e  n- 
huth^'J^),  Erdmann''"")  is  beautifully  described  in  their 
respective  papers. 

Lewis  and  L  e  w  i  s  use  as  mentioned  before,  fluid  media 
for  their  explantation  experiments.  The  so-called  Locke- 
L  e  w  i  s  salt  solution  for  cold  blooded  imimals  is  the  fol- 
lowing: 


NaCl 

0,7      grams 

KCl 

0,042       „ 

NaCla 

0,025       „ 

NaHCOg 

0,02         „ 

Glucose 

0,25         „ 

x\qua  dest. 

90,0       cc. 

Cultures  of  tissues  from  warm  blooded  animals  were 
usually'  cultivated  by  Lewis  and  Lewis  in  Lockes 
solution: 


NaCl 

0,9     grams 

CaClg 

0,024    „ 

KCl 

0,042    „ 

NaHCOg 

0,02      ,. 

Glucose 

0,5        „ 

HgO 

100           cc. 

Of  this  solution  is  taken  80  cc.  to  20  cc.  chicken  broth. 
The  hydrogen  ion  concentration  of  the  solution  were  usually 
pH    6,8  to   pH   7,2. 

The  technique  of  Lewi  s  and  Lewis  is  simply  this. 
On  a  cover  glass  is  placed  a  small  drop  of  the  Locke- 
Lewis  solution  of  the  above  composition  and  in  the  drop 
is  placed  the  small  bit  of  tissue.  The  cover  glass  is  quickly 
converted  over  the  hollow-ground  slide  and  is  closed  with 
paraffin.    In   order  to   get   a  good   contact   between   the   ex- 
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,..U-(I  lissiif  ;m(l  llic  cover  ,<j;l;iss.  which  serves  its  support 
.  .•  Ihi-  inij^ralioii  ol'  Hie  cells.  I  iisiwilly  |)lace  the  slides 
.11  llie  iiiciibnlor  upside  down:  in  oilier  words  the  euUure; 
chainher  resis  on  the  eo\cr  -i;lass  in  llie  incnhalor.  The  tissues 
will  llu'ii  he  al  Hie  holloin.  i  e  towards  the  cover  f^lass 
and  a  j^ood  i-oiilacl  hetweeii  the  tissue  and  the  support  is 
established  If  this  precaulioii  is  not  taken,  the  tissue  frag- 
ment will  in  most  cases  be  found  floating  in  the  hulk  of 
Hie    drop    and    the    cells    are    not    able   to    inigi'ale. 

Ihe  teclini({ue  of  m  i  c  ro  m  an  i  ])  u  1  a  t  i  o  n  which  has 
been  applied  to  the  tissue  cultivation  sliould  be  mentioned 
here. 

\'arious  substances  can  be  inoeidaled  into  thi'  cultui'ei 
medium  during  the  observation  of  the  living  tissue  cells 
in  the  incubator.  Brans-'*;  has  used  this  technique  a 
good  deal  and  by  means  of  the  finest  Speemanns  need- 
les   lie    was    able    to    cut    growing   cell    elements. 

By  means  of  the  B  a  )•  b  e  i*  s  i",  ";  micro-dissection  iech- 
nique  or  still  better  with  that  l)y  Chambers  ""  modified. 
Barber  technique,  it  is  even  possible  to  inoculate  various 
substances  into  the  cytoplasm  of  a  living  tissue  cell.  It  is 
also  possible  to  introduce  living  bacilli  into  the  protoplasm 
of  the  tissue  cells.  By  the  Chambers  i-'*,  i-i)  method 
parts  of  the  body  of  the  living  tissue  cell  can  be  excised; 
the  nucleus  may  be  cut  in  two  or  single  chromosomes  may 
be  removed. 

P'or  obtaining  good  p  h  o  t  og  r  a  p  h  s  of  tissue  cultures,  Ihe 
Lewis  and  Lewis  cultures  give  excellent  results  because 
the  cells  are  in  one  single  layer,  namely  on  the  cover  glass, 
and  because  everything  but  the  tissue  cells  can  be  removed 
from   the   cover  glass. 

It  is  more  difficult  to  obtain  good  microgrammes  from 
tissue;  cultivated  in  plasma  media.  Here  we  often  get  the 
plasma    coagulum     tinted    al     the    same    time    as    the    cells 
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--  and  consequentl>-  the  contrast  between  cells  and  medium 
is  not  always  the  best  possible.  Another  disadvantage  in 
making  photos  ot  lissiie  cells  in  plasma  media  is,  that 
the  cells  arc  seldom  in  the  same  j)lane  and  therefore  dif- 
ficult to  focus  on. 

It  is  necessary  I o  have  a  good  deal  of  experience  before 
good  microgrammes  of  tissue  cultures  can  be  obtained, 
Photomicrogrannnes  of  living  and  unstained  tissue  cells  in 
cultures  ai-e  i-ather  difficull  to  take.  The  illustrator  at  the 
Rockefeller  Institute  L.  Schmidt  has  contributed  much  to 
this  particular  technique.  By  special  illumination  from  above 
the  specimen,  beautiful  photos  of  living  tissue  cells  have 
been     taken    ])y    Schmidt. 

The  technique  of  m  i  c  r  o-c  i  n  e  m  a  t  o  g  r  a  p  h  y  has  been 
applied  rather  much  to  tissue  cells  in  vitro.  The  master  in 
that  field  being  Comandoni^i;  u2\  \iso  Braus^o  has 
been  doing  that  kind  of  work  with  great  success. 

PREPARATION  OF  TISSUE  CULTURES  FOR 
MICROSCOPICAL   PURPOSES. 

The  living,  unstained  culture  is  a  good  subject  for  mici'o- 
scopic  examination,  although  not  everything  can  be  seen, 
nevertheless  high  magnification  can  easily  be  applied  to  the 
tissue  cells  within  the  culture  chamber.  It  is  advisable  to 
have  a  microscope  with  a  heating  device  so  that  cultures 
and  single  cells  within  the  cultures  can  be  followed  for  a 
long  period  of  time  without  allowing  the  culture  to  cool  off. 

We  will  now  describe  some  of  the  simplest  and  most 
suitable  fixing  and  staining  methods  for  the  nistological 
investigation.  All  the  many  special  staining  methods  can, 
of  course,  be  applied  with  some  modification  of  the  tech- 
nique, but  they  will  be  disregarded  here.  Several  beau- 
tiful methods  of  preparing  the  tissue  cultures  are  described 
in  the  "Praktikum"  by  R  h.  Erdmann.  In  the  cultures  we 
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always  deal  willi  llic  coaguluin  and  llicrciore  modifications 
had  to  be  iiukIc  in  llic  ordinary  sliiining  piocesses  in  order 
to  avoid  any  trouble  from  the  clot.  In  many  cases,  therefore, 
the  clot  has  to  be  eliminated.  This  is  sometimes  very  diffi- 
cult; nl  llu-  sanu'  tinu',  as  llu'  clot  is  dissolved,  tlie  cells 
may  disappear  loo,  wlicn  the  s])ecimens  are  treated  further. 
Some  iuvesligalors,  such  as  Lewis  and  Lewis,  have  a 
beaulilul  leehnicpie  for  staining,  as  tliey  do  not  use  j)lasma 
clol  lor  cullivalion.  As  tlie  culture  work  is  taken  up  here 
from  an  entirely  different  point  of  view,  a  physiological, 
the  clot  is  always  present  and  special  methods  have  then 
to  be  (level()|)ed  in  order  to  follow^  the  morphological  changes 
in    the    cultures    during    the    experimentation. 

The  vital  staining  is  made  use  of  a  good  deal  in  llie 
culture  work.  The  methods  for  doing  it  are  simple  and 
need  only  a  few  w^ords  derived  from  experience.  The  stains 
used  are  the  usual;  neutral  red,  methylene  blue,  trypan 
blue,  Janus  green,  and  Janus  black  and  so  on.  The  slain 
can  be  added  to  the  i)lasma  before  coagulation  has  set  in, 
or  before  the  growth  had  begun,  or  it  can  be  applied  by 
opening  the  culture,  after  it  has  already  grown  for  some 
time,  and  adding  a  drop  of  the  staining  solution  on  top  af 
the  plasmy  clot  and  resealing  the  culture  immediately  after. 
The  concentration  of  the  dyes  used  is  such  that  the  slain 
is  present  in  the  culture  medium  in  about  1—20.000  or 
40,000.  In  this  eoneenlration  most  of  the  dj^es  are  luirmless 
to  the  tissue  cells.  They  can  often  be  cultivated  for  several 
passages,  in  a  medium  containing  the  dye.  For  photograpnic 
purposes,  the  vital  staining  method  is  very  good  for  obtaining 
characteristic  pictures  of  living  cells. 

The  fixation  of  a  tissue  culture  is  done  best  in  Ringer's 
solution  containing  2  o/o  formalin.  One  hour  in  this  solution 
is  sufficient  for  the  fixation.  The  alcohol  or  sublimate 
fixation  cannot  be  applied  because  the  plasma  clot  becomes 
very    opaque    and    intransparent. 
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The  scheme  for  the  resL  of  the  preparation  is  the  follow- 
ing  when    hematoxyhn,    foi'    instance,    is    used   for   slauiing: 

(1)  After  fixation,  washing  in  running  water  3  hours  at  least. 

(2)  Distillec    water    one    hour. 

(3)  Hematoxylin  (M  i  n  k's  and  Paul  M  e  y  e  r's  modification) 
50—60  drops  in  50  c.  c.  of  water  10  to  12  hours. 

(4)  Washing  in  water  half  an  hour. 

(5)  Five   minutes   in  50  o/o  alcohol. 

(6)  Five    minutes    in    75  o/o  alcohol. 

(7)  Five    minutes    in    95  o/o  alcohol. 

(8)  Ten  minutes  in  a  mixture  of  95  o/o  acetone  and  5  o/o  xylol. 

(9)  Ten  minutes  in  a  mixture  of  70  o/o  acetone  and  30  o/o  xylol. 

(10)  Ten  minutes  in  a  mixture  of  30  o/o  acetone  and  70  o/o  xylol. 

(11)  Fifteen  minutes  in  xylol  (I) 

(12)  Fifteen   minutes   in  xylol   (II). 

(13)  Embedding   in   b  a  1  s  a  m  u  m  canadensis. 

Another  method  must  be  mentioned,  which  gives  excellent 
results  because  of  the  fact  that  the  clot  is  decolorized 
in  the  acetone-xylol  mixture  and  allows  of  a  beautiful  dif 
ferentiation  between  the  stained  cells  and  the  colourless 
plasma-clot.  Besides  that,  the  following  method  does  not 
give  any  precipitation  in  the  culture,  what  the  hematoxylin 
often  gives.  The  dyes  used  here  are  methylene-  or  azur- 
blue. 

(1)  Fix    in   2    ob    Formalin-Ringer's    solution   one   hour. 

(2)  Running  water  3  hours. 

(3)  Five  minutes   in  distilled   water. 

(4)  Flood  the  coverglass  with  Loeffler's  alkaline  methylene 
blue  and  hold  it  over  a  pilot  light  until  vapor  appears. 
Remove  from  flame  and  allow  stain  to  remain  on  speci- 
men  for   about  fifteen  minutes;   then   pour  off  the  stain. 

(5)  Wash  with  water  from  a   Pasteur  pipette. 

(6)  Dehydrate  in  alcohol:  50  o/o,  75  o/o,  95  o/o,  one  minute  each. 

(7)  Acetone-xylol  mixtures  (5  o/o,  30  o/o,  70  o/o  xylol)  two 
minutes  each. 
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(8;  Fuiv    xylol    (2   changes     two    ininutos    each. 

ir    Ihc    clol    is    very    thick    il    is    necessary    lo    cieliydrale 

longer    in    xylol-acelone. 

The  methylene  blue  solution  is  prepai'ed  in  the  following 
manner:  Saturated  alcoholic  solution  of  methylene  blue 
30  c.  c. 

KOH  ^1—10,000)  100  c.  c. 

The  nu^thylene  blue  is  allowed  to  ripen  in  the  incubator 
for    a    month. 

The    azur-blue    solution    is    prepared    as    follows: 
Azur  II  —  0,3  gram 
Alcohol  (95  o/o)    lOc.c. 

The  two  staining  methods  just  described  are  very  sa- 
tisfactory for  the  standard  work  and  especially  the  me- 
thylene blue  method  gives  very  good  pictures  for  micropho- 
tographic   work. 

If  one  has  to  investigate  the  intimate  structure  of  the 
cultivated  tissue,  sections  can  be  made,  and  this  is  a  very 
valuable  method  for  studying  the  relations  of  the  cells 
to   the   entire  clot. 

Sections  of  the  cultures  are  made  in  the  usual  way. 
The  cultures  are  fixed  on  the  cover  slip  and  they  can  then 
be  removed  carefully  with  a  scalpel  and  passed  through 
the  different  dehydrating  solutions  and  finally  be  embedded 
in  paraffin.  C.oUodion  can,  of  course,  also  be  used  and 
is  often  easier  to  use  for  such  small  delicate  subjects  as 
are    the    tissue    cultures. 

C  o  h  n  h  e  i  m's  idea  of  using  gold  impregnation  method 
on  the  corneal  cells,  in  order  to  get  the  characteristic 
outlines,  suggested  that  this  method  perhaps  could  be  ap- 
plied in  (staining)  the  cells  in  tissue  cultures.  I  tried  the 
gold  method  of  L  6  w  i  t's  in  the  following  wa}'.  In  a  dark 
room  the  coverslip  bearing  the  plasma  clot  and  tissue  culture 
was  put  into  concentrated  formic  acid  for  2 — 3  minutes  and 
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thereafter  directly  in  1  o/o  gold  chloride  solution  for  nbouL  5 
minutes;  then  washed  quickly  in  distilled  water  and  put 
back  inlo  a  sohilion  consisting-  of  efjual  volumes  of  formic 
acid  and  water  for  another  24  hours,  also  in  tlie  (hu-k; 
after  this  wasliing,  dehych'ated  in  the  usual  way  and  mounted 
in  balsam.  This  method  showed  a  great  advantage  in  that, 
iiy  treating  with  acid,  all  the  culture  medium  disappeared 
and  only  the  tissue  was  left  adhering  to  the  coverglass.  The 
clot  was  brought  into  solution  as  acid  albumins  by  the 
formic  acid.  This  is  a  great  advantage  because  the  clot 
always  hinders  more  or  less  in  finer  microscopic  exa- 
minations and  especially  when  ordinary  anilin  dyes  were 
used,  the  clot  itself  absorbed  the  stain  and  the  contrast 
between  the  tissue  cells  and  clot  was  less  pronounced.  For 
photographic  purposes  this  method  proved  most  excellent. 
No  precipitation  occurred,  the  cells  were  clean,  and  con- 
trast}^ as  if  they  were  washed  clean  from  all  substance 
save    the    cells    themselves. 

The  cells  appeared  reddish,  more  or  less  deep  coloured, 
granules  deeply  stained  and  vacuoles  and  nuclei  pretty  clear 
and  unstained.  The  outlines  of  the  cells  were  usually  in  the 
most  perfect  condition  and  the  finest,  tiniest  processes  and 
connections  in  between  the  cells  coidd  be  distinguished  very 
sharply. 

By  using  L  6  w  i  t's  method  as  described  above  there  were 
some  disadvantages.  In  most  cases  the  dissolution  of  tne  clot 
was  so  vigorous  that  often  the  cells  disappeared  at  the 
same  time;  therefore  I  modified  the  method.  The  successful 
preparation  dei)ends  very  much  upon  the  location  of  the 
tissue  in  the  clot;  if  the  tissue  is  located  near  the  free  sur- 
face or  in  the  middle  of  the  clot,  it  will  easily  be  washed 
awaj^,  when  the  clot  is  dissolved,  but  if  the  tissue  is  located 
near  the  bottom  of  the  clot,  i.  e.,  close  to  the  glass,  it  sticks 
to  it  and  remains.  The  preparation  method  was  modified  in 
the  following  way.  Instead  of  using  the  concentrated  Formic 
acid  as  a  fixative,  it  was  used  as  a  50  o/o  solution  and  the  so- 
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liilion  Foi'  roducinr;  Iho  <to1(1  chloride  wns  1  volume  formic 
acid  to  !t  Nolumes  waler.  In  this  solulioii  Ihe  eulliire  only 
remained  lor  21  hours  and  was  Ihen  i-eady  for  mounting. 
This  modification  gave  just  as  good  staining  results  and 
was  much  safer.  In  most  cases  the  central  portion  of  the 
culture  is  lost,  hut  this  is  of  little  consequence  hecause  no 
details  can  he  ohserved  in  that  paiM  of  Ihe  cidture;  it  ap- 
pears always  as  an  opacjue  hlack  mass. 

Lew^is  and  Lewis  often  fix  (heir  special  cultiu'es  in 
Zenker's  solution  witliout  the  acetic  acid,  sometimes  they 
add  a  little  osmic  acid  just  before  using  it.  The  Zenker's 
solution  is  composed  of:  potassium  bichromate  2  per  cent, 
sodium  sulphate  1  per  cent,  corrosive  sublimate  5  per  cent. 

Quite  usually  Lewis's  cultures  nre  fixed  with  iodine 
vapor  by  i)lacing  a  small  flake  of  |)ure  iodine  in  Ihe  bottom 
of  the  hollowground  slide.  The  iodine  vapor  rapidly  tints 
the  cells  yellowish  brown. 


V. 

PURE  STRAINS  OF  TISSUE  CELLS. 


Soon  after  a  technique  had  heen  developed  for  cultivating 
tissue  in  a  way  somewhat  similar  to  the  technique  for  cul- 
tivating bacteria,  it  was  desirable  to  develop  a  method  by 
which  it  would  be  possible  to  obtain  cultures  of  tissue  cells 
belonging  to   a  definite  type. 

Carrel  ^■^)  found  that  when  a  fragment  of  tissue  had 
undergone  several  passages,  in  vitro,  the  outgrowth  of  new 
cells  could  easily  be  distinguished  and  a  large  group  of  cells 
belonging  morphologically  to  the  same  type  of  cells  could 
be  separated  from  the  other  cells  by  cutting  out  the  pai't 
of  the  fibrin  film  containing  the  cells  desired  and  transfer- 
ring it  to  a  new  medium. 

There  has  been  much  discussion  about  dedifferentiation  of 
cells  in  vitro,  i.  e.,  that  the  various  tissue  cells,  whatever 
they  may  be,  mesenchyme,  or  ectoderm,  were  said  to  be 
transformed  into  an  embryonic  indifferent  type  of  cells. 
It  was  therefore  necessary  to  find  methods  by  which  it  would 
be  possible  to  work  with  absolutely  pure  cells  from  the 
very  beginning,  in  order  to  see  if  such  transformations  occur. 
Much  has  been  written  about  the  identification  and  clas- 
sification of  the  different  cells  cultivated  in  vitro  ^^^  The 
problem  is  brought  out  in  connection  with  an  assumption 
by  C  h  a  m  p  y  123)^  t^.^t  ^  dedifferentiation  of  the  epithelial 
cells  to  the  type  of  fibroblasts  takes  place  in  vitro.  This  does 
not  seem  to  be  correct  and  is  rather  to  be  regarded  as  an 
apparent  phenomenon.  As  long  ago  as  in  1898,  Leo  L  o  e  b 
372)  came  to  the  same  conclusion  as  C  h  a  m  p  y  by  observing 
the  changes  which  epithelial  cells  undergo  when  cultivated 
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in  Iho  hh)()(l-c()M<^iiliini  in  vivo.  Later  Loeb  "^)  also  advanced 
the  ojiinion.  that   Ihisc  cells  do  nol  dedilTerentiale. 

C  h  a  Ml  ])  y  ' '"^  cnllivalcd  kidnc.x  (issue  and  found.  IhaL 
its  strnctnre  chanf^ed;  indilTerent  lui)ules  were  loi-uied.  which 
later  on  lost  their  renal  and  Tinnlly  Iheii-  epilhelial  character. 

l"  hlenh  u  t  h  '•'■'!  showed.  Ili;d  Inpeluni  ceils  from  the 
retina  changed  Iheir  ty|)ical  epithelial  character  with  modi- 
fications  in    the   consistency   of   the   culture   medium. 

('.  hlopin  I  ■'  .  in  his  recent  paper  was  not  able  to  sup- 
port llie  assumption  of  (Ihampy.  I  have  ali'eady  observed 
myself  (Fischer)  ''■'-)  that  epithelial  cells  cultivated  i)n  the 
free  surface  of  the  coagulum  did  nol  change  morphologi- 
cally after  more  llian  four  months  cultivation  in  vitro.  This 
has  been  entirely  confirmed  by  labeling  '•''),  as  he  had  a 
strain  of  epithelial  cells  for  more  than  bS  months.  As  soon 
as  the  epithelial  cells  were  allowed  to  grow  embedded  in  the 
plasma  clot,  the  individual  cells  changed  from  polygonal 
to  fusiform  cells.  In  order  to  find  out  truly  what  happens 
to  the  different  tissue  cells  when  grown  in  vitro,  it  is  absolu- 
tely necessary  to  be  certain  of  the  kind  of  cells  we  are 
operating  with.  \{  the  present  time  no  method  is  known  by 
which  it  is  possible  to  isolate  single  cells  for  obtaining  pure 
strains,  as  it  is  known  from  the  bacteriological  leclini([ue.  As 
described  in  another  chajjler.  a  tecliui(pie  was  worked  out 
to  isolate  cells;  bid  single  cells  do  nol  seem  to  develop  and 
multiply  unless  they  are  in  contact  with  several  other  in- 
dividuals   This   method   can,   therefore,   not   be   a|)plied. 

There  are  two  nu'thods  by  which  it  is  possible  to  obtain 
pure  cultures  of  tissue  cells  the  one,  by  which  the  ! issue 
cells  for  cultivation  are  obtained  pure  from  the  very  begin- 
ning, i.  e.  an  anatomical  m  e  I  h  o  d.  the  other,  more 
generally  ap})lied,  to  be  used  only  For  certain  cells, 
may  be  called  a  p  h  y  s  i  o  1  o  g  i  c  a  I  el  e  c  live  m  e  t  h  o  d. 
If  a  i)iece  of  heai't.  for  instance,  is  exj)ianled  in  a  certain 
medium,  the  muscle  cells  and  a  few  ollui-  cell  types  die 
out  rathei'  I'apidly  and  the  fibroblasts  will  conlinue  to  grow 
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and  inulliply,  and  finally  art"  ()l)lained  pure.  The  same 
method  is  used  in  geltinjf  (he  l)i^  mononuclear  lymphocytes. 
When  leucocytes  are  cultivated,  all  the  different  elements  of 
cells  will  die  out  excei)t  the  hig  mononuclear  lymphocytes, 
which  will  ])ersisl,  (C  a  r  r  e  1  and  E  b  e  1  i  n  g  ^^;.  The  method 
is  somewhat  similar  to  the  different  elective  methods  for 
obtaining  pure  cultures  of  certain  bacteria,  as  for  instance, 
the  diphtheria  bacilli  by  cultivation  on  serum,  the  typhoid 
bacilli  by  the  Inle  method,  and  so  on.  The  horse  serum  or 
the  bile  is  not  used  because  dij)htheria  bacilli  grow  better 
in  horse  serum,  or  typhoid  Ijacilli  grow  better  in  bile,  but 
because  other  bacteria  grow  very  poorly  on  these  substances. 
The  same  thing  is  probably  the  case  with  epithelial  cells, 
polymorphonuclear  leucocytes,  and  so  on;  they  do  not  grow 
so   well    under   the    same   conditions   as   the   fibroblasts. 

The  other  method  for  obtaining  pure  cells  for  cultivation, 
the  anatomical,  is  simply  done  by  dissecting  the  pure  tis- 
sues out  from  the  organism.  The  tissue  cells  for  cultivation 
have  to  be  taken  from  certain  anatomical  loci  elecli,  where 
we  know  that  these  tissues  are  pure,  i.  e.,  only  contain  one 
type  of  cells.  Rather  few  tissues  are  pure.  The  majority  of 
them  are  complex,  containing  ameboid  cells,  vessels,  glands 
with  their  various  cell  elements.  Cartilage  is  a  tissue  which 
can  be  obtained  pure  that  way.  Epithelium  is  more  difficult 
to  obtain  because  it  is  often  so  closely  adherent  to  the 
endothelial  and  connective  tissue  cells;  nevertheless  it  is 
rendered  possible  to  obtain  pure  epithelium,  from  certain 
loci  elecli. 

FIHROBLA.STS. 

The  connective  tissue  strain  which  has  been  cultivated 
for  more  than  12  years  in  the  Rockefeller  Insti- 
tute in  New  York.  (Fig.  8).  and  for  3  years  in  the 
Institute  of  General  Pathology  of  Copenha- 
gen were  isolated  from  a  complex  tissue,  namely  a  piece 
of    embryonic     heart      After     a     certain    length     of    cultiva- 
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Fig.  8. 

From  Ebeling:    A  ten  year  old  strain  of  fibroblasts. 

Journ.  Exp.  Med.   1922,  XXXV,  231. 
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tioii  the  muscle  cells,  ameboid  cells,  and  so  on  dis- 
appeared and  the  endothelial  cells  or  l"ibrol)lasts  remain- 
ed. This  method  for  obtaining  pure  cultures  of  fibro- 
blasts, the  physiological  elective  method,  is  good  and  safe 
because  all  the  other  cell  types  do  not  grow  so  rapidly 
or  as  well  as  the  connective  tissue  cells  which  sooner  or 
later ■  overgrow  any  of  the  other  types  of  cells.  Cultivation 
of  this  tissue  has  now  been  enlarged  upon  so  thoroughly 
that  there  is  no  need  to  go  more  into  details  about  it.  The 
strains  of  connective  tissue  cells  have  l:)een  used  as  a  reagent 
for  the  detection  of  substances  in  the  humors  of  the  body, 
which  have  the  power  of  increasing  or  decreasing  the  rate 
of  growth  and  many  biological  problems  have  been  studied 
with  the  fibroblasts  as  reagent  and  references  are  already 
made  to  the  various  papers  on  these  subjects. 

EPITHELIUM. 

The  growth  of  epithelium  in  vitro  has  been  described 
very  often. 

Several  attempts  had  been  made  to  obtain  strains  of 
epithelium  for  permanent  cultivation  outside  the  body,  as 
has  been  carried  out  with  the  connective  tissue  cells.  From 
the  very  beginning  of  the  experiments  of  cultivation  of  tis- 
sue cells  in  vitro  —  the  cultivation  of  epithelium  has  tempted 
most  investigators.  It  has  been  possible  to  cultivate  epithe- 
lium in  vitro  for  short  periods  of  time,  long  enough  to  ob- 
serve and  describe   the  characteristic  growth  of  epithelium 

Most  investigators,  who  have  worked  with  tissue  cultures, 
have  not  been  able  to  keep  strains  of  tissue  cells  over  long 
periods  of  time,  from  months  to  years.  Tissue  cultures  have 
mostly  been  studied  in  the  culture  of  first  passage  —  and 
kept  under  observation  in  the  same  culture  medium  for  a 
few  days  only  or  a  couple  of  weeks.  Should  it  therefore 
be  possible  to  cultivate  a  strain  of  epithelium  for  a  long 
period  of  time,  and  the  cells  still  remaining  characteristic 
for  epithelium  all   that  time,   first  then  one  may   conclude. 
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that    the    cells    iwc    \)\]vv    nnd    Mini    no    dcditlVrcnlinlioii    lins 
taken  placo. 

I\|)illu-liuni  has  liccn  ciillivnlcd  IVoni  luinian  Ix-ini^s.  dogs, 
cals,  chickins  and  I'roni  scxcral  cold  l)loodcd  animals  H  u  I  h 
'"I),  Op  pel  '•'.  Holmes-''',  l' li  I  e  ii  h  u  I  li  '■'')  and  (bar- 
rel Carrel*  has  ollen  li'ied  to  obtain  j)ermanent  strains 
of  cpillu'lium  as  is  done  with  connective  tissne  cells,  bnt 
alter  cullivalion  lor  a  certain  length  ol'  time  the  epithelial 
cells  disappeared  and  fibroblasts  began  to  appear.  This  in- 
vasion of  fibroblasts  was  due  to  a  contamination  of  the 
epithelial  cells  with  fibroblasts  from  tiie  very  beginning  at 
the  time  of  exjjlanlation.  It  may  have  only  been  an  apparent 
appearance  of  fibroblasts,  1.  e..  a  morphological  change  of 
the  polygonal  epithelial  cells  into  a  fibroblast-like  type  of 
sjiindle  cells  may  have  taken  place.  Champyi^s)  inter 
preted  the  i)henomenon  as  a  dedifferentiation.  Uhlenhuth 
*3S)  i'xj)lained  the  dedifferentiation  as  the  results  of  the  me- 
chanical conditions  of  the  culture   medium. 

TECHXigUE  FOR  THE  PREPARATION  OF  THE  TISSUE. 
The  epithelium  for  the  cultivation  is  obtained  from  that 
part  of  the  iris  which  spontaneously  adheres  to  the  brim 
of  the  lens  when  it  is  removed.  The  lens  is  profitably  taken 
from  the  eye  of  the  10—12  days  old  chicken  embryo.  The 
best  way  of  extracting  the  lens,  is  to  make  a  slight  inscision 
in  the  |)osterior  pole  of  the  eyebulb  and  with  a  small  for- 
ceps, the  entire  corpus  vitreum  is  drawn  out.  Atta- 
ched to  the  front  of  the  corpus  vitreum  the  lens  will  be 
found.  The  lens  is  now  separated  from  the  corpus  vi- 
treum. In  most  cases  a  thin  black  brim  of  the  iris  will  be 
found  on  the  lens.  It  is  necessary  to  work  on  a  l)ackground 
of  some  white  ])aper  or  so,  otherwise  the  black  iris  brim  will 
not  be  seen.     The  lens  is  cut    in   2  oi'    1   pieces    and    placed 


*)  Carrel,  A.,  unpublislied  experiments. 
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in   Ihe  culture   nicdiuni.  IT   Ihc   lens  is  not  cxtirpaled   in   the 

way    described    here,    it  nuiy    happen,    that    fibrobhists    from 

the  iris  will  remain  on  the  lens  and  the  cultures  will   then 
not  be  pure  epithelium. 

TECHNIQUE    FOR   THE    PREPARATION'    OF 
THE    CULTl'RES. 

It  was  observed,  that  the  epithelium  grew  very  irregul- 
arly at  the  outset.  An  extensive  liquefaction  of  the  i)lasma 
occurred  during  the  growth  and  after  a  certain  amount  of 
the  clot  had  liquefied,  the  growth  became  very  extensive. 
This  fact  suggested,  that  if  we  immediately  could  bring 
the  fragment  of  tissue  under  such  conditions  as  had  a  lique- 
faction already  taken  place,  the  result  would  probably  be 
an  extensive  and  uniform  growth.  It  was  therefore  essayed 
to  place  the  little  fragment  of  epithelium  on  the  free  sur- 
face of  the  coagulated  plasma  and  cover  it  with  a  thin  film 
of  embryonic  tissue  juice.  The  result  of  this  arrangement 
was  very  striking.  —  The  culture  medium  was  composed 
of,  as  usual,  equal  volumes  of  embryonic  tissue  juice  and 
plasma  from  adult  chickens,  which  are  added  together  on 
a  coverslip  and  mixed.  When  the  coagulation  commenced 
which  can  be  ascertained  with  the  point  of  the  knife,  the 
tissue  fragment  is  placed  on  the  free  surface  of  the  nascent 
clot.  It  is  important  to  place  the  tissue  at  the  proper  moment; 
if  it  is  placed  before  the  coagulation  has  commenced,  it 
will  be  embedded  in  the  clot  —  and  if  it  is  placed  too  late, 
it  will  not  adhere,  but  float  in  the  covering  droplet  of  tis- 
sue juice.  After  the  fragment  is  properly  placed,  a  small 
drop  of  embryonic  tissue  juice  is  spread  out  to  a  thin  film 
on  the  clot  to  establish  a  moist  surface  for  the  proliferation 
When  transferring  the  culture,  the  fluid  is  removed  by  means 
of  a  piece  of  steril  filter  paper,  and  the  culture  cut  out  of 
the  clot  in  the  usual  wav. 
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RESULTS. 
AIUt    a     prridd    ol     lalciicv      'A     <S    days      Ihc    epithelium 
coiiinicnced    to    jfi'ow.     l' li  1  e  n  li  ii  I  h  ' '"     also    found,      that 
SOUK'    liuu'    elajjses    bt'l'orc    Ihc    cpilheiiuui    begins    to    grow. 


Fig.  9. 

Photograph    of    a    Hving   culture    of    epithelium    6   weeks   old.   Shows   the 

characteristic  growth  for  epithelial  cells.     <   about  135. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXV,  367. 


To  begin  with,  the  epiliieliuui  grows  with  great  irrcguhirily, 
but  with  proper  care,  it  soon  commences  to  gi"ow  verj' 
abundantly.  It  will  now  be  seen,  that  after  a  few  hours 
incubation,  the  epithelium  cells  grow  out  from  the  fragment 
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and  18  hours  al'lerwards  an  extensive  uniform  growth  has 
taken  phice  around  the  okl  piece.  In  cultivating  the  epi- 
thelial cells  on  the  free  surface  of  the  clot,  I  obtained  large 


Fig.  10. 

Stained  culture  of  epithelial  cells,  6  weeks  old.  Shows  the  epithelial  pavement 

formation;  mitosis  may  be  seen.  X  about  660. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXV,  367. 


cultures    which    easily    could    be    multiplied    and    what    was 
still  more  important,   1   was  alDle  to  keep  the  cells  growing 
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iindci-  imicli  more  imiloini  conditions  Ihan  would  have 
lu'cn  Ihc  i-asc  if  I  he  c-i-lls  were  allowed  lo  f^n-ow  end)edded  in 
Ihe  elot  The  eondilions  on  the  nioisl  snrlaee  are  much 
llu'  same  as  those  under  wliieii  the  epillieliai  cells  norm- 
all\    ^I'ow    in    tin-   body. 
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Fig.  11. 

Stained  culture  of  epithelial  cells  2  months  old.  ;<   1,425. 

From  The  Journ.  of  Exp.  Med.   1922,  XXXV.  367. 


The  characlerislics  of  surface  cultures  of  epithelium  are 
the  following:  The  cells  form  big  solid  sheets  or  membranes, 
mostly  in  one  layer  only.  (Fig.  9.)  The  cells  are  polygonal 
and    foi-m    a    pavement.    (Fig.    10.)    Between    the    individual 
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cells  usually  a  liltk'  sjjiu'c  cau  he  seen,  wliich  is  o!  prelly 
near  Ihe  same  size  all  oxci-;  in  oilier  woi'ds,  Ihe  cells  arc 
apparently  not  in  direct  contact  with  i-ach  other,  but  leave 
open  a  small  space  of  about  one-foui'th  [lie  size  of  the  cell. 
By  higher  magnificalions,  il  can  be  seen  that  the  cells  are 
connected  by  means  of  protoplasmic  processes  which  are 
extremely  delicate.  (Pig.  11.  The  cytoi)lasm  is  finely  granu- 
lated sometimes  filled  with  pigment.  The  nucleus  usually 
contains  one  large  nucleolus.  Numerous  mitotic  figures  can 
be  beautifully  seen,  because  of  the  unicellular  layer.  (Fig. 
12.)  In  many  of  the  surface-grown  ei)ithelial  cultures  the 
cells  arrange  themselves  in  rings  and  appear  as  a  cross 
section  of  a  gland;  often  this  glandular  arrangement  can  be 
seen  formed  around  a  giant  cell  or  cells  in  mitotic  division. 
fFig.  13.  Some  cultures,  when  stained,  remind  oiu'  very 
much  of  a  strongly  metaj)las[ic  epithelium,  as  it  is  known 
from  cei'tain  malignant  epithelial  i)roliferations.  All  iliffe- 
rent  shapes  and  sizes  of  cells  can  be  observed  in  these 
cases;  sometimes  il  can  be  directly  seen  how  quickly  the 
proliferation  must  have  taken  place.  Such  prolifei"alion  cen- 
tres are  not  unusual  and  Ihey  frequently  give  an  impres- 
sion that  a  proliferation  of  an  almost  explosive  character 
has  taken  place,  (Fig.  14).  N\  e  have  very  frequently  found 
two  cells  Nvhich  had  i)ractically  not  quite  separated  l)y 
division  before  the  two  new  cells  showed  new  mitotic  figures. 
Many  stages  of  amitotic  cell  division  can  be  seen  in  the 
cultures.  When  the  culture  of  epithelium  gets  older,  i.  e., 
not  transferred  into  a  new  medium  after  forty-eight  hours, 
but  allowed  to  remain  in  the  same  culture  medium  for  a 
longer  time,  the  cells  can  be  seen  with  big  vacuoles  and 
often  filled  with  pigment.  At  the  same  lime  giant  cells 
appear.  These  cells  may  contain  10 — 15  nuclei  and  are  many 
times  larger  than  the  normal  cells.  Around  such  a  giant 
cell  normal  epithelial  cells  can  be  seen  in  fairly  regulai' 
circular  arrangement. 
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Fig.   12. 

Different  stages  of  mitosis  of  epithelial  cells  in  cultures. 

From  The  Journ.  of  Exp.  med.  1922,  XXXV,  367. 
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Fig.   13. 

Typical  cell  arrangement  in  epithelial  cultures.  X    700. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXV.  367. 
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III  [hv  |)t-ri|)li('rv  ol'  llic  ifrowlh  more  clongalcd  fusiform 
I'flls  arc  ofli'M  round.  This  is  |)i-ol)al)ly  due  lo  (lie  fad  thai 
llu'  colls  liavc  reached  Ihc  Ixirder  of  Ihe  clot  covered  wilh 
lissue  juice  and  IliereloiH'  einlicd  Iheniselves  in  llu-  clol 
;ind     heconu'    spindlc-sliapcd     lor    lliat     reason. 
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Fig.   14. 

Stained  culture  of  epithelial  cells,  6  weeks  old.       1,100. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXV,  367. 


.\s  luenlioned  before,  T  li  1  e  u  li  u  I  h  *■'''')  ol)servcd  thai 
c]ian<4es  in  llu'  coiisislency  of  Ihe  culture  medium  had  a 
luarked  influence  on  the  cell  shape.  In  soft  medium  (oblained 
by  diluliuf.^  willi  muscle  exlr.acl)  (he  ])olygonal  cells  changed 
Iheir  form  into  a  fusifoiMu;  and  in  a  hai'd  medium    obtained 
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by    adding    chicken-plasma     to    llic    medium)    the    epithelial 
cells   grew    out    in   big  sheets   of  |)()lygonal   cells.   This   is   an 
important     lad    and    will     |)robably    explain    a    good    many 
things  in   the   morphology   of  cells.  The  mechanism  of  these 
changes    in    moi-phology,    according    to    the    structure    of    the 
solid   phases   in   the   cnltui'e   medium    has   been   subjected   to 
several   explanations.    The    medium    which    U  h  1  e  n  h  u  t  h  ^^^) 
calls  soft  is  composed  of  a  relatively  small  amount  of  solid 
phase,  i.  e.,  the  fibrin  fibrillae  are  very  sparsely  represented. 
In  this  medium  the  epithelial  cells  grow  out  on   the   sparse 
fibrin   threads   and   consequently   become   si)indle-shaped   be- 
cause   of    llie    relatively    big    spaces    of    liquid    in    between 
them.    Wv    know    that    the    tissue   cells    must   have   a    stroma 
to   grow   on,   otherwise    they   become   I'ound  and  die.   In   the 
hard   media   we   have    a   dense    meshwork   of  fibrin   threads, 
which    acts    more    like    one    i)ig    snlid    phase;     the    cells    are 
able  to  spread  themselves  out  as  epithelium  naturally  does. 
As    the    ei)ithelial    cells    have    been    cultivated    in    vitro    in 
between    a    liquid    (tissue    juice)    and    a    solid    ffibrin)   phase, 
the  cells  appear  as  they  do  in  the  organism  under  natural 
conditions,   namely,   as   a   pavement   in   solid   sheets.  (Fig.  10.) 
When  fibroblasts  are  cultivated  on  the  surface  of  the  plasma- 
clot,   they   immediately  embed  themselves  in  the  medium.  It 
seems  as  if  the  ei)ithelial  cells  are  inhibited  by  the  mecha- 
nical resistence  of  the  fibrin-fibrillae  to  a  much  greater  ex- 
tent than  are  the  connective  tissue  cells.  When  the  epithelium 
is    cultivated    embedded    in    the    clot,    the    growth    seems    to 
depend   very   much   upon    the   existing  condition   within    the 
medium  and  the  disposition  of  the  fragment.  If  the  condition 
of    the    coagulum    })revents    the    uniform    outgrowth    of   new 
cells  from  the  mother  fragment  and  when  the  condition  of 
respiration  of  the  fragment  is  not  of  the  very  best,  then  the 
cell-invasion  is  characterized  by  the  formation  of  branching 
tubules    of   various    forms.    (Fig.    15)    but   essentially   the    ar- 
rangement of  the  growing  cells  is  such  as  to  form   a  more 
or  less   organized  structure  resembling  hollow   tubules.   The 
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growth  and  migration  of  epilhclial  cells  seem  to  be  much, 
more  dependenl  upon  the  mechanical  condition  than  those 
of  fibrol)hisls.  Leo  L  o  c  b  "4)  has  already  pointed  out 
years  ago.  that  the  epithelium  follows  the  way  of  least 
resistance. 


Fig.   15. 

18th  passage  of   a  pure  culture   of   epithelium  48  hours  old,   from   the  iris 

of  the  chicken  embryos.  The  new  growth  is  found  as  rudimentary  tubules. 

From  The  Journ.  of  Exp.  Med.  1924,  XXXIX.  585. 


When  growth  occurs  in  membrane  formation,  it  is  rapid 
and  extensive;  when  the  tubular  type  results,  the  rate  of 
growth  is  markedly  slower  and  the  actual  increase  in  mass 
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is  small,  although  the  length  of  the  tubular  outgrowth  may 
be    extensive. 
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Fig.    16. 

Experiment  ITMl^ — 2.    17  passage  of  a  pure  culture  of  epithelium  growing 

in  a  membrane.     Fragment    cultivated   embedded   in   the  clot.  X  about  80. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXVI,  285. 

When  we  intentionally  embed  the  epithelial  tissue  in  the 
plasma    clot,    the    growth    becomes   very   irregular   to    begin 
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Willi  Al'lci-  llic  ciillivalion  of  cpillu'liiiiii  Tor  a  corlain  Icnirlh 
of  lime  embedded  in  Hie  clol.  Ilie  ^rowlli  can  suddenly 
sel  in  will)  ^i-eal  inleiisil\  The  i^rowlli  is  llieii  \('i-v  regular 
and  exii'nsive.  The  cells  lorn)  a  nienihrane.  usually  con- 
sisting ol"  one  layer  ol"  cells,  but  llie  individual  cells  arc  no 
longer  polygonal,  bul  spindle-sliaped  b'ig.  l<i.  17  Slill  Ibis 
picture  does  no!  reseiid)le  a  cullnre  of  ril)rol)lasts.  The  cells 
are  closei\  in  contact  wiili  cacb  otber;  tbeir  protoplasm 
is  sprt-ad  out  and  gives  the  a|)pearancc  ol"  I'lat  cells.  In  the 
peri|)herv  of  such  i  culture  we  siiall  very  rarely  find  a 
lU'lwork  as  in  Hie  fibroblasts  cullin'c;  bul  we  sball  see 
smaller  or  lai'gcr  longue-like  pi'ocesses  consisting  of  many 
cells  in  close  relation  to  eacli  olher.  which  practically  is 
never  b»und  in  tlie  connecliNc  tissue  cultures.  ^\  lien  we 
have  this  type  of  culture,  fusiform  epithelial  cells  growing 
in  Ilie  clot  and  |)ro(lucing  e\-en  a  membrane-like  grow'th 
of  ni'w  cells  all  around,  we  liave  a  lyi)e  of  epithelial  cells 
which  is  found  to  grow  veiw  !"apidl,\.  An  illustration  of 
this   ly|)e   can   be   seen    in    b'ig.    10  and    17 

Hesides  this  ra|)i(lly  growing  type  of  epithelial  cells,  we 
have  llu-  one  which,  gr'ows  in  winding  tubules  big.  M).  This 
lyi)e  grows  very  slowly  and  irregularly.  The  tubules  or  solid 
processes  protruding  from  Ihe  clot  m.i\  be  long  and  thin 
or  shorl  and  Ihick.  These  tubules  are  often  very  peculiar, 
that  is.  they  are  very  sliglhlly  refractive,  so  that  they  can 
scarcely  be  distinguished  in  the  mici-oscope  Sections  inade 
on  such  cultures  may  show  tubules  with  a  distinct  lumen; 
sometimes  we  have  only  a  single  layei"  of  cells  around 
the  lumen,  and  sometimes  we  can  see  sevei'al  layers.  At 
other  times  we  have  no  tubules,  but  solid  epithelial  pro- 
cesses. 

Fig.  18  shows  such  epithelial  peninsulas  shooting 
out  from  the  tissue  fragment.  These  look  very  similar  to 
the  solid  processes  of  inv.a(ling  epithelium  we  know  from 
certain  carcinomata  at  tlie  line  of  deniarkalion  between 
carsinomatous    and    normal    tissue.    HeciMillv    tlieiv    has   been 
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a    discussion    about    the    tubule    formation    being    the    result 
of   the   action   of   contaminating    fibroblasts   (D  r  c  \v)  '•'>'). 

As  a  whole   the   epithelial    cultures    are   easily    multiplied. 
Some  of  them  are  more  difficult  to  multiply,  namely,  those 


Fig.  17. 
Experiment  25970 — 2.   The   individual   cells  appear  spindle-shaped  and  flat. 

■;  about  200. 
From  The  Journ.  of  Exp.  Med.   1922,  XXXVI,  285. 

which  form  the  tubules;  they  are  often  small  and  can 
hardly  be  extirpated  entireh'  from  the  clot.  The  surface 
grown  epithelium  sometimes  gives  trouble;  after  extirpation 
it  usually  contracts,  as  docs  a  drop  of  mucus,  and  is  diffi- 
cult to   replace   on   the   surface   of  the   clot   in   such   a  way 
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that  it  is  spread  out.  Bii(  after  a  little  practice  this  can 
he  aeeoinplished. 

During  the  cultivation  ol  cpillu'lial  cells  in  vitro,  con- 
tarninaliou  with  t'ihroblasls  may  very  easily  occur.  Some- 
times a  small  piece  of  tissue  from  the  embryonic  tissue 
Juice  is  accidenlly  carried  over;  sometimes  it  grows  out 
a  little  distanee  from  the  epithelial  tissue,  but  at  other 
times  fibroblasts  can  be  seen  growing  in  the  perijjhery 
of  the  epithelium.  The  cultures  have  to  be  examined 
carefully  and  if  contaminated  with  fibroblasts  they  must 
be  kept  separately  for  observation  for  quite  some  time. 
It  sometimes  ha])i)ens  that  the  culture  of  epithelium 
commences  to  grow  at  a  suspiciously  quick  rate  and  the 
whole  appearance  of  the  culture  has  changed  to  a  fibro- 
blasl-like  culture;  in  such  cases  we  doubtlessly  have  had  a 
contamination  with  fibroblasts  wdiich  has  escaped  notice. 
The  contamination  is  mostly  foiuid  when  the  epithelium  is 
allowed  to  grow  embedded  in  the  clot.  The  explanation  is 
quite  natural.  When  the  tissue  fragment  is  placed  in  the 
fluid  plasma  and  a  drop  of  tissue-juice  has  been  added, 
the  droj)  is  then  stirred  up  with  the  knife  and  mixed.  If 
a  small  piece  of  tissue  from  the  tissue  juice  should  have 
escaped  our  notice  and  should  be  brought  to  the  plasma 
with  the  juice,  it  will  usually  agglutinate  to  the  original 
tissue  fragment,  and  when  coagulation  takes  place  these 
two  pieces  will  grow  logethei*  and  the  error  usually  is  not 
detected  befor(>  Hie  connective  tissue  cells  appear  every- 
where and  the  culture  must  i)e  discarded.  This  has  happened 
rather  often;  usually  the  tissue  which  causes  the  contamina- 
tion can  scarcely  be  seen  in  the  juice;  it  is  often  a  tiny 
jelly-like  substance  of  practically  the  same  refractivity  as 
the  juice  and  can  ])r  loiiud  floating  in  the  u|)per  part  of 
the    fluid    extract. 

There  are  tw^o  ways  of  avoiding  this  error;  either  to 
prepare  the  embryonic  tissue  juice  by  grinding  up  the 
embryos    with    sand    or    kieselguhr    or    by    using    a  Buch- 
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ner's  press;  there  will  then  be  no  living  tissue  cells  in 
the  juice.  It  is  also  the  safest  to  store  the  tissue  juice 
in  the  refrigerator  for  a  couple  of  days  before  using  it. 
The  other  method  is  to  cultivate  the  epithelium  on  the 
free    surface    of   the    coagulated    plasnia-exlrnd    medium.    In 


Fig.   18. 

Experiment  1128 — 2.  13th  passage  of  a  pure  culture  of  epithelium  growing 

embedded   in   the   clot.   The   new   growth    appears    as   solid   processes  and 

tubules.  Stained  with  Azur  II.  X  about  160. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXVI,  285. 


the  latter  method  the  plasma  and  the  tissue  juice  is  mixed 
up  and  allowed  to  coagulate  before  the  tissue  fragment  is 
brought   to    the   medium.    If  a  small   piece  of  foreign   tissue 
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should  happen  lo  np|)oar  in  the  plasma,  il  is  very  seldom 
that  il  is  ill  jusl  the  saiiu'  spol  as  the  IVaj^iiicnl  and  Ihc 
conlaiiiinatioii  can  he  dcU'clcd  in  lime.  We  lia\{>  been  cul- 
li\alin^  epillielium  in  liial  way  and  haxc  coxcred  il  wiih 
a  liny  di'op  of  Ringers  scjlulion  instead  of  lissue  juice 
and  Ihe  numl)er  of  fibroblasl-conlaminaled  cullur(>s  was 
exlri'mely    low. 

The  piH'caulions  menlioned  here  show  one  Ihinj^  which 
liad  nol  been  I'ealized  bet'oi-e  or  laken  into  consideralion. 
namely,  liow  ol'len  a  conlaminalion  with  I'oi'eign  cells  is 
possible.  II  is  (piile  nalurail.x  noliced  here  in  Ihc  cxpcri- 
mcnls  on  Ihe  culli\alion  ol'  epilhelium  for  long  periods 
of  lime  The  epilhelium  grows  (piiie  diffcrenlly  from  the 
fibroblasts,  and  it  is  lliei-efoi'e  wry  easy  to  sec  when  con- 
nective lissue  cells  api)eai'  in  Ihe  cullurc.  On  the  other 
hand,  il  is  imjiossible  to  discover  in  cultures  of  fil^roblasts 
when  new  connective  lissue  cells  accidentally  are  added 
lo  the  lissue  fragment.  Therefore,  il  is  absolntely  urgent 
lo  lake  strict  precautions  in  working  with  jjiu'c  cultures 
in   oi'der   lo   avoid   disastrous   errors. 

In  ordei  to  settle  the  (juestion  of  dedifferentiation  of  Ihe 
epilhelial  cells  in  vitro  a  series  of  experiments  was  made 
in  which  ej)ilhelium  and  connective  tissue  were  cultivated 
side  by  side  in  the  same  culture  medium.  There  was  always 
a  sufficiently  striking  morphological  difference  hetween  the 
two  cultures,  the  connective  tissue  forming  a  typical  network 
of  cells,  and  the  epithelium  growing  in  compact  masses 
with  the  cells  in  close  contact  with  each  other  (Fig.  19). 
These  cultures  were  stained  with  methylene  hlue.  It  was 
impossible  then  to  see  if  there  was  any  amalgamation 
between  the  epithelial  cells  and  the  fibroblasts  when  the 
cells  of  the  two  cultures  were  intermingled.  Then  it  was 
essayed  lo  slain  mixed  cullures  with  Van  (1  i  e  s  o  n"s  slain, 
but  no  differential  staining  resulted  from  il.  In  other  experi- 
ments the  Iwo  sli-ains:  2  'A  monlhs  old  ei)ithelium  and 
10    3^ears     old    conneclive    lissue.    were     allowed    to     grow 
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together  for  several  |)assaj4cs  in  Ihe  same  eiiKiire.  Al'ler 
a  lew  ])assages  Ihe  eonneeliNc  I  issue  cells  had  overgrown 
the  epithelium  and  the  culture  looked  like  an  ordinary 
fibroblast    culture.    After    about    seven    passages    the    culture 
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Fig.  19. 

Experiment    1532 — 4.   Culture    ot   fibroblasts   and    epittieliat  celts    cultivated 

together,  after  48  tiours  incubation.  Stained  with  methylene  blue.  A,  fragment 

of  a   10  year  old  strain  of  fibroblasts;  B,  fragment  of  a  2  month  old  strain 

of  epithelium.   X  about  20. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXVI,  285. 


was  fixed  and  sectioned  and  stained  with  Van  G  i  e  s  o  n's 
stain.  The  picture  which  was  obtained  here  was  very  striking 
(Fig.   20,  21).   In   the  middle   oi  the  dense  connective   tissue, 
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which  was  shiiiu'd  pink,  apj)t'ai-c'{|  IJic  epithelium  stained 
yellow-greenish.  In  parts  oi  the  culture  the  epithelium 
had  formed  a  glanil-likc  structure.  Several  tubules  could 
be  seen  with  distinct  luniina  surrounded  by  a  regular  high 
epitlu'Hum.  llu-  nuclei  were  all  located  near  the  basal 
membrane.  Some  of  the  lumina  were  filled  with  a  colloidal 
secretion  and  stained  yellow.  It  is  worth  noticing  that  the 
Van  Giesons  stain  does  not  differentiate  between  epithe- 
liiiin  And  rihi'oblasl  wlicn  the  culture  is  stained  as  a  whole, 
only  in  sections.  I'lu'  plasma  clot  seems  to  prevent  the  dif- 
ferential  staining. 

This  experiment  shows  clearly  that  the  two  strains  of 
cells  remain  definite  by  being  cultivated  in  vitro  and  it 
shows  also  that  the  epithelium  has  a  definite  formative 
ability.  C  h  a  m  p  y  i-")  has  stated  that  epithelium  does  not 
dedifferentiate  when  connective  tissue  is  present.  In  our 
experiments  we  mixed  tw^o  strains  of  tissue  cells,  which 
had  been  cultivated  in  vitro  for  a  long  period  of  time, 
and  should  have  dedifferentiated  a  long  time  ago  after  the 
assumption  of  C  h  a  m  p  y  127)  'f^g  chemical  difference  of 
the  cytoplasm  of  epithelium  and  connective  tissue  gives 
us,  by  using  Van  G  i  e  s  o  n's  stain,  a  beautiful  test  for  the 
presence  of  the  two  cell  tj^pes. 

Now  since  it  is  a  fact  that  we  do  not  have  any  dedif- 
ferentiation  or  transformation  of  epitlielium  in  vitro,  pos- 
siljililic's  are  opened  up  for  new  investigation  of  the  interac- 
tions of  the  two  kinds  of  cells.  It  would  be  of  the  greatest 
interest  first  to  find  out  if  there  is  any  difference  in  the 
most  favourable  conditions  for  growth  of  the  tw^o  cell  types 
in   vitro. 

There  seems  to  be  one  main  difference,  at  least,  between 
the  epithelial  cells  and  the  connective  tissue  cells,  and  that 
is  their  behavior  to  the  stroma.  The  epithelial  cells  follow 
the  way  of  least  resistance  to  a  greater  extent  than  do  the 
fibroblasts.  The  individual  fibroblasts  are  able  to  penetrate 
through  a  dense  meshwork  of  fibrin  without  any  difficulty. 
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The  epithelial  cells  do  not  j){)ssess  this  ability  lo  such  an 
extent.  When  I  lie  latter  grow  in  vitro  Ihey  seem  to  retain 
their  flat  cell  shapes.  They  li((uefy  the  culture  medium  to  a 
great  extent.  It  is  often  observed  how  the  fragment  of 
epithelial    cells    makes    a    concavity    in    the    clot    when    they 


Fig.  21. 

Same  section  as  Fig.  20.  X   120. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXVl,  285. 


ai*e  cultivated  on  the  siu'face.  They  simply  grow  in  sheets 
consisting  of  cells  in  one  layer  and  liquefy  the  medium 
during  the  growth  so  that  a  large  amount  of  fluid  is  found 
covering    the    culture    after    fourty-eight  .  hours    incubation. 
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The  greatest  liciuefaclion  takes  place  at  the  central  portion 
l)ecausc  of  the  many  cells  which  are  there  already  at  the 
be^innin}.  ol"  the  cullivalion,  therefore  the  cup-like  impression 
of   (he   eulliire   imdiuin. 

The  rate  of  speed  al  whic-h  the  epillielial  cells  grow. 
comi)are(i   with   that   of  the   fibroblasts,   is  slightly  lower.   — 

Hteeiilly  Drew*'"'  has  tleveloped  a  method  l)y  whicli 
he  is  able  lo  gel  i)iire  cultures  of  cpitheliuni  By  exposing 
a  eullurr  wliieh  contains  as  well  epithelium  as  fibroblasts, 
lo  ullraviok'l  rays,  after  first  having  covered  Ihe  areas  of 
the  culluit  wlurc  Ihe  epithelial  cells  are  located  witii 
droi)lets   of   nu'rcury  he    is    then    able    lo    kill    the    fibro- 

blasts, and  the  epithelial  cells,  covered  with  mercury  will 
remain   alive. 

Another  difference  which  may  be  of  considerable  im- 
portance is  that  the  epithelial  cells  do  nol  change  the 
fibrin  fibrillae  into  structures  similar  to  the  conneclivo 
tissue  fibrillae.  \\  e  know  this  already.  Bui  this  fact  seems 
to  have  a  vt-ry  important  bearing  ujjon  the  |)hysiology  of 
these  two  tissue  types.  The  epithelial  cells  seem  lo  have 
a  high  proteolytic  effect  on  the  fibrin  fibrillae.  The  con- 
nective tissue  cells  have  this  ability  also,  in  part,  of  lique- 
fying the  medium,  but  on  Ihe  other  hand,  it  is  able  to 
change  the  milieu  exlerieure  in  such  a  way  that 
large,  strong  connective  tissue  fibres  are  produced.  M  the 
present  time  there  is  still  a  discussion  as  to  the  oi'igin  of 
these  fibres,  whether  they  are  of  extra-cellular  or  intra- 
ccllula]'  origin.  The  relation  of  these  connective  tissue  fibrils 
to  the  composition  of  the  culture  medium  is  very  interesting 
and  will  be  mentioned  in  the  chapter  on  controlled  oi' 
somatic    growth    of    complex    tissues. 

As  a  supplement  to  these  experiments.  1  attempted  to 
isolate  and  cultivate  other  kinds  of  epithelium  than  the 
iris,  especially  epithelium  with  special  functions.  Although 
these  experiments  are  made  quite  recently  and  unpublisned, 
I    will    briefly   describe   the   technique. 
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A  n  (■  II  r  ()  (' |)  i  I  li  (■  I  i  II  111  lins  been  isolated  niid  ciilliN'alcd 
I'or  a  couple  ol"  inojilli^  in  \ilro.  It  we  dissect  Ihroiigli 
the  |)()slerioi'  wall  of  the  e.\'e  hiiib.  it  will  he  (jhscrvcd 
that  a  paiM  of  the  retina  sticks  to  the  co/'piis  vitreum. 
This  i)ai"i  can  be  cullivated  wilhout  grealei-  diiricuUies  and 
is  found  lo  ffrow  in  cultures  in  the  same  typical  way  as 
Ihe   iris   epithelium. 

A  m  u  c  o  u  s-s  e  c  r  e  t  i  n  1^  epithelium  from  the  sniall 
inlesline  of  the  chicken  embryo  !  have  isolated  and 
cultivated.  —  A  small  section  of  the  upper  i)arl  of  the 
intestine  of  a  chicken  embryo  15 — 17  days  old  is  jilaced 
embedded  in  tlie  ordinary  culture  medium.  —  Oul  from  the 
lumens  of  the  intestine  the  ei)it helium  grows  in  big  sheets 
and  can  easily  be  separated  and  transferred  into  a  new 
culture.  It  will  now  be  interesting  to  see.  if  the  mucous- 
secreting  epithelium  for  instance  continues  to  secrete  mucous 
in  vitro  and  interesting  to  see  if  ejiithelium  with  pigment 
is  able  l(»  i)roduce  i)igment  in  vitr:). 

Innumerable  possibilities  are  opened  for  the  study  of 
the  special  functions  of  various  tissue  cells  in  vitro  under 
different  condition  of  ex|)ei-iment.  It  is  obvious  that  the 
study  of  the  interactions  of  tlie  various  tissues  will  lead 
to   interesting   discoveries. 

Quite  recently  labeling  personal  communication;  has 
succeded   in   obtaining   a    i)ui-e   strain   of   thyroid    epithelium. 

CARTILAGE  CELLS. 

In  the  literature  on  tissue  cultivation  a  few  scattered 
notes  can  be  found  about  cultivation  of  cartilage  in  vitro. 
In  1910  Carrel  and  Burrows  "J;  cultivated  conjugal  car- 
tilage among  other  tissues  from  adult  animals.  At  that  time 
no   attempt   was   made   to   isolate   pure  cells  for  cultivation. 

In  working  with  the  eye  of  the  chicken  embryo.  T  observed 
in  sections  from  the  eye-bulb  that  it  probably  would  be 
rather  an  easy  matter  to  dissect  free  the  thin  layer  of 
cartilage    in    the    sclera    of    the   eye.    The    eye   of   birds    and 
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rislu's  liMs.  MS  is  known,  often  a  pars  (■(irlildf/o  srlcrdc  imd 
soiiu'linu's  I'viMi  ;i  pars  ossca. 

J'hc  cxpcriiiu'iil  \v;is  iiiKlcrlakcn  in  llie  loliowiiiy;  way: 
On  the  excised  eye  l)nll),  lIic  dai'k  pignieiiled  in  e  m  1)  r  a  ii  a 
iiiclilans  was  pnslu-d  aside  with  a  small  knile  and  l)y 
means  of  an  iris  I'orccps  Ihc  lliin  semi  Iransparenl  membrane, 
whicli  is  the  cartilage,  was  taken  out.  The  eyes  used,  were 
taken  I'roni  ehieken-embi-yos  about  15  18  days  old.  The 
manipulation  was  not  so  easy  as  it  apj)eared  Irom  tlie 
beginning.  xMany  pieces  of  cartilage  proved  later  to  contain 
elements  of  connective  tissue  and  the  cultures  were  discarded. 

The  technique  for  the  cultivation  was  briefly  this.  The 
fragments  were  placed  on  the  free  surface  of  the  coagulated 
plasma-juice  mixture  and  covered  with  a  little  Ringer's 
solution  or  tissue  juice.  The  composition  of  the  culture 
medium  was  the  same  as  that  used  for  fil)r()l)lasls  and 
epithelium. 

The  cartilage  did  not  grow  at  all  when  it  was  emlK'dded 
in  the  plasma  clot.  The  fragment  was  loosened  and  fell 
to  pieces  and  proved  to  be  extremely  difficult  to  transfer 
to  a  fresh  culture  medium.  The  appearance  of  such  a 
culture  of  cartilage  cells  which  was  cultivated  for  some 
time  embedded  in  the  clot  looked  almost  like  a  culture  of 
yeast.  There  was  no  cohesion  of  the  individual  cells,  which 
were  round  and  extremely  small.  By  examination  with  high 
magnification,  the  cells  had  much  the  same  appearance 
as  lym])hocytes.  They  were  of  the  size  of  small  lymi)hocytes 
with  a  very  sparse  cytoplasm  and  a  nucleus  which  look 
the  stain  very  intensively  (Fig.  22).  The  stroma  disappeared 
after  quite  a  short  time  of  cultivation  and  the  tissue  fell 
apart.  In  making  stained  specimens  after  varying  intervals 
of  incubation,  the  loosening  of  the  tissue  could  be  followed 
quite  well  step  by  step  (Fig.  22).  The  hyaline  substance 
was  loosened  and  finally  disappeared.  The  cells  migrated 
out  or  became  free  of  the  amorphous  substance,  but  did 
not   produce   any   new^   and   died. 
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Fig.  22. 

1)  Cartilage  after  48  iiours  incubation  in  plasma  medium.  The  amorphous  substances 
are  broken  up.  The  cartilage  cells  contain  relatively  little  cytoplasm  and  the  nucleus 
and  cytoplasm  are  stained  very  deeply.  Stained  with  azure  blue. 

2)  Types  of  isolated  cells  of  cartilage  from  2  day  old  cultures. 

3)  Types  of  cartilage  cells  after  escape  from  the  amorphous  substances. 

4)  Types  of  cartilage  cells  cultivated  on  the  surfac^e  of  the  medium. 

5)  Cell  types  of  cartilage  found  in  cultures  of  fresh  cartilage  after  48  hours  incubation. 
Nuclei  deeply  stained,  with  the  granular  chromatin  arranged  in  the  periphery.  The 
cytoplasm  is  unstained  and  clear  as  glass. 

6)  Cartilage  cells  growing  on  the  surface  of  the  medium. 

From  The  Journ.  of  Exp.  Med.  1922,  XXXVI,  379. 
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Hy  plncinj^  llic  Ira^mc'iil  of  carlihi'^c  on  llic  U'vv  surface 
of  tlic"  clol  iiiidcr  i  film  of  fluid.  Die  saiuc  looscnin*?  of 
llu-  aniorplioiis  subslaiicc  took  place  and  the  lyiH|)hocylc- 
likc  small  cells  could  be  seeu  mij^ralinf^-  out  l'\<i,.  'I'A  .  Tlicse 
cells  he^au  lo  spi'cad  oul  llieii-  cyloplasui  and  i^rcw  finally 
to  big  cells,  many  liuies  larf^ci'  Mian  (he  foianer  small 
types   (Fig.   22;.   The    nucleus   of   [he   big  cells   was   almost    as 


Fig.  23. 
Fresfi   cartilage   cultivated   on   the  surface  of  tfie  plasma  clot,   showing  the 
small  types  of  cells  just  migrating  on  the  medium.  Stained  with  azure  blue. 

X  1,000. 

From  The  Journ.  of  Exp.  Med.   1922,  XXXVl,  379. 


big  as  Ihe  enlii'c  cells  of  the  ty|)e  of  the  small  lymphocyte- 
like cell.  All  forms  of  transition  could  be  studied.  The 
cytoplasn;  of  the  big  cells  usually  took  up  the  stain  much 
more  intensively  than  the  nucleus.  The  cyto])lasm  con- 
tained fre(|uenlly  ninnerons  large  vacuoles  and  Ihe  nucleus 
usuallv  one  bi**  nncleolns. 
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U  is  a  vci'y  ink'rcstint>  Iransfonnalioii  which  can  l)c 
seen  It)  lake  pkicc  here.  R  c  n  a  u  I  ;m(l  Dub  r  c  ii  i  1  ^i'»j  coii- 
chidcd  thai  the  various  conncclive  (issues  and  also  carlihi,t»o 
originated  from  the  lympliocyles.  This  seems,  ai)parenlly. 
to  have  some  bearing  on  my  exi)ei-iments  with  carlihige 
cells  in  vitro.  Here  we  are  a])le  to  follow  Ihc  Iransformalion 
under  certain  conditions,  from  a  lymphocyte-like  small  cell 
type  to  an  entirely  different  type  of  cell.  It  was  also  lOuiid 
in  these  experiments  llnd  the  amorjjlious  subslances  are 
not  produced  under  tlie  in  viti'o  condition.  Another  interest- 
ing fact  is,  that  the  cartilage  cells  are  unable  to  grow 
when  embedded  in  (he  plasma  clot.  As  soon  as  the  tissue- 
is  brought  to  the  surface  the  cells  are  able  to  migrate  and 
l)roliferate. 

The  main  characlerislics  ot  Ihe  cultures  of  cai'lilage 
cells  are  these.  The  initial  grow  I h  lakes  place  f)nly  on  Ihe 
free  siu'face  of  the  coagulated  cultui'e  medium.  Aflei'  a 
good  growth  has  Ijcen  obtained  here,  the  tissue  is  able  to 
grow"  embedded  in  the  clot.  The  cartilage  cells  form  mem- 
branes as  ei)ithelial  cells  do.  as  well  on  the  surface  as 
when  embedded  in  the  clot.  Liquefaction  of  the  cultnre 
medium  occurs  to  a  great  extent.  The  individual  cells  are 
spindle-shaped  with  a  rather  large  spherical  nucleus  con- 
taining usually  only  one  nucleolus.  The  cytoplasm  contains 
often  big  vacuoles.  In  stained  ])reparations  the  cells  appear 
with  a  lighter  stained  nucleus  and  a  darker  stained  cytoplasm. 

The  segregation  ai)paratus  of  Renaul  when  vitally 
stained  with  neutral  red  appears  to  be  similar  to  Ihal  of 
fibroblasts   (Fig.    24). 

As  a  whole,  the  new  growth  of  cartilage  cells  in  vitro 
is  rather  delicate  and  is  often  difficult  to  transfer  to  new 
culture  media.  It  lakes  often  quite  some  lime  before  the 
growth  becomes  so  abundant  that  the  culture  can  be  di- 
vided   (Fig.    25). 

The  studies  of  this  tissue  are  rather  interesting  because 
of  the   definite   changes   which   take  place  in  vitro  and   can 
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1)0  lollowc'd  sli'p  by  slcp.  Here  we  have  a  tissue,  whieli  in 
the  orj^anisin,  iiiitler  ceiiain  coiulilions  |)ro(liiees  a  peeiiliar 
stroma  which,  when  broiij^'iil  lo  a  eiilliire  medium  under 
cerlain  ex]ierimenlal  coiKhlious  (lisa])pears.  Another  interest- 
ing Tael  is  Ihal  (lie  lissue  is  una])le  lo  '^row  when  il 
is  euibedded  in  the  clot;  only  oji  the  surl'ace  the  cells  are 
able  lo  spread  out.  'JMiere  is  no  doubl  thai  Ihis  phenouienon 
is  due  lo  tlie  (lilTereul  |)livsical  coudilioiis  which  exist  in 
the  bulk  and  on  tlie  surl'act'  ol'  the  clol. 
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Fig.  24. 

The   segregation   apparatus   of    R  e  n  a  u  t,   vitally   stained   with  neutral  red. 

The  cultures  are  6  Weeks  old;  24  hours  incubation. 

From  The  Journ.  of  Exp.  Med.   1922,  XXXVl,  379. 

LARGE  MOXOXUCLEAR  LEUCOCYTES. 
In  1921  Carrel  and  Ebeling"*5)  succeeded  in  obtain- 
ing a  pure  culture  of  large  mononuclear  leucocytes.  The 
method  used  here  for  obtaining  the  pure  cultures  is  the 
physiological  elective.  The  method  is  briefly  the  following: 
The  white  blood  cori)uscles  are  obtained  by  cenlrifuging  at 
high  speed  the  freshly  taken  blood   from  an  adult  chicken. 
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Fig.  25. 

2    month    old    culture    of   cartilage   cells  after  48  hours  incubation.    Stained 

with  azure  blue,  x  60. 

From  The  Journ.  of  Exp.  Med.   1922,  XXXVI,  379. 
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Aric'i"  the  rcinoN.il  of  Ihc  phisiiui.  ;i  lew  drops  ol'  dilulcd 
cmhryoiiic  lissiic  juice  is  |)l;tc('(l  on  IJic  siirr;icc  of  Mic  conl 
oT  h'lK'ocvlcs.  .\l)oiil  riflccn  mimilcs  hilcr.  Ihc  I'oa^iilimi 
conlaininij  Hu-  while  ci'lls  can  he  renioNcd  and  phiccd  in  a 
walch  uiass  willi  a  small  aniounl  ol'  |{inii;ers  solution. 
Nearly  all  (he  red  cells  can  now  he  washed  awa\  and  small 
fragmonl.s  of  (his  coa<«ulum  conlaininu;  Ihe  while  cells  can 
he     ti'misTerred       lo     llie      cullui'e     medium        The      medimn 


Fig.  26. 
Experiment  1634.  Mitotic  figures  in  cartilage  cells.  Stained  with  azure  blue, 

X   1,000. 
From  The  Journ.  of  Exp.  Med.   1922,  XXXVl,  379. 

used  foi"  cullivalion  consisted  either  ot  two  xolumes  ol' 
plasma  and  one  voliune  ol"  chicken  emhryo  juice,  or  ol'  one 
volume  oi'  plasma  and  one  xolunie  ol'  chicken  end)ryo 
juice,  and  two  volumes  ol'  lyrode  solution,  (irt^at  care 
must  he  taken  lo  avoid  conlaminalion  of  llie  cnltui'cs  with 
other  cells  from  tlie  tissue  juice.  Therefoi'e.  the  end)ry.)nic 
juice  was  diluted  with  Tyrode  solution  and  cenlrifuu,ed  foi' 
a   long   lime    at   high    speed. 
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Small  fragmenls  of  the  coaftulimi  liom  llic  hlood.  con 
laining  the  while  corpuscles  were  emhedded  in  the  plasma, 
(issue  juice  was  added  and  coaguhdion  then  lakes  place. 
II  is  inipoi'lanl  lo  know  Dial  il'  lliei-e  are  (oo  lew  leuco- 
cytes in  Ihe  cullui-e  or  if  there  are  loo  many,  they  die. 
After  forty-eighl  hours  incuhalion.  or  sometimes  even  longer. 
1—5  days,  the  original  fragment  was  cut  out.  washed  in 
Ringers  solution  and  placed  in  a  I'resli  culture  medium. 
Here    it    is    very    important    to    cut    the    cultui-e    out    ot    the 
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Fig.  27. 
24  hour  culture  of  leucocytes  taken  from  the  blood.  In  the  upper  left  corner 

is  seen  part  of  the  original  mass  of  cells,  x  62. 

From  Carrel  and  Ebeling:  Large  monunuclear  leucocytes.  The  Journ. 

of  Exp.  Med.   1922,  XXXVI,  365. 


clot  with  clean  cuts.   If  IIk^  edges  ai'e  crushed   or  folded,  no 
migration  takes  place. 

If  the  cultures  were  made  in  the  projjcr  way.  the  cells 
could  he  seen  to  migrate  into  the  medium  after  twenty- 
four  hours.  The  outer  zone  was  formed  of  small  amehoid 
cells,  which  in  stained  preparations  |)roved  to  he  pol}- 
morphonuclear    leucocytes    (Fig.  27  .    The    inner    zone    con- 
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sisted  of  Inrj^'tT  :niicl)()i(l  cells,  soim-  will)  larjfc  relicuhii- 
pseu(l()|)()(ls  and  olhcrs  with  siiinll  liiiform  or  ]ol)ar  pst'ii- 
dopods.  Allor  a  few  passaj^'cs  llic  poiyinorijhomiclcar  leu- 
cocytes disappeai-cd  and  a  iilllc  lalcr  also  Ilic  sinali  lyni- 
phocvtos.  The  cells  whieh  remained  and  conlinued  lo  mul- 
liply  were  Ihe  lar<f(>  niononnelear  cells.  The  ^'eneral  appear- 
ance ol"  the  culture  was  vei-y  different  from  a  culture  of 
connective    tissue    cells.    The    c  t- 1  1  s    had    no    li- n  d  e  n  c  y 


Fig.  28. 
Colonies   of   leucocytes   in    a   Gabritschewski    dish,    showing   their   lacl<   of 

coalescence. 

From  Carrel  and  Ebeling:  Large  mononuclear  leucocytes.  The  Journ. 

of  Exp.  Med.   1922,  XXXVI,  365. 


to  form  a  tissue,  hut  remained  isolated.  When  colonies 
of  leucocj'tes  were  grown  together  in  a  G  a  b  r  i  t  s  c  h  e  w- 
s  k  i  dish,  the  colonies  showed  no  tendenc}'  to  unite  as 
colonies  of  fibroblasts  or  epithehum  always  do  (Fig.  28). 

The  large  mononuclear  cells  which  migrated  into  the 
new  medium  were  elongated  or  branched.  The  anterior  end 
of  the  cells  showed  usually  very  active  pseudopods.  When 
the    cells    were     stained     the    nucleus     become     dark      ami 


139 

Ihc  cytoplasm  clear.  Sonu'liines  intor('slin<f  morpholoffical 
changes  occurred.  The  pseudopods  (hsapijeared  aiid  llie  out- 
lines of  Ihe  cells  became  very  sharp.  The  cells  looked  per- 
fectly like  fibroblasts  and  the\-  were  liable  to  form  anastom- 
otic i)rocesses  with  other  similarly  differentiated  cells  (Fig.  29). 
Often  a  long  chain  of  cells  could  be  observed  and  even  a 
chain  would  show  the  transition  forms  from  the  ameboid 
cell    in    the    distal    pari    of    the    chain    lo    Ihe    perfect    libro- 


Fig.  29. 
Culture  of  a  pure  strain  of  mononuclear  leucocytes  undergoing  differentiation. 

Eighth  passage. 

From  Carrel  and  Ebeling:  Large  mononuclear  leucocytes.  The  Journ- 

of  Exp.  Med.  1922,  XXXVl,  365. 

blasts  in  the  central  part  of  Ihc  chain.  Also  in  the  stained 
preparation  the  similarity  to  the  fibroblast  w^as  very  striking. 
The  outlines  of  the  cells  were  very  sharp,  both  ends  drawn 
out  to  a  minute  process,  the  nucleus  very  clear  containing 
two  nucleoli. 

Experiments  were  undertaken  by  Carrel  and  E  b  e- 
ling^*^)  to  see  how  the  lymphoc3ies  respond  to  different 
amounts   of   embiyonic   tissue  juice    in    Ihe   culture   medium. 
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The  rcsiill  \\;is  lli;il  llic  l\ni|)h(K'ylt's  were  miicli  more  scn- 
silixc  to  llu  tissue  Juice  lli;in  the  Tihroljlasls.  'Plie  optimum 
condition    \v;is    lound    to    he    ni)oul    .'{()  per  eenl    tissue    juice. 

These  ()l)ser\;itioiis  are  of  <j;i"eal  importance  and  may 
pr()l)ahly  partly  settle  the  (pu'stion  ol'  the  origin  of  lihro- 
hlasts  from  larjfe  mononucleai"  lym|)li()cytes  during'  inllam- 
mat()r\-  conditions,  as  has  heeii  discusst'd  trom  tlu'  days  ol' 
\' i  r  c  h  o  w   and  (lohnhoim. 

The  action  of  homoloffous  serum  on  the  growth  ol  lym- 
phocytes was  also  studied  and  it  was  found  that  the  cells 
were  very  sensilixc   to   the   inhibiting  influence  of  the  serum. 

Tliis  method  of  oht  linini*  ])ure  cultures  of  larjfe  mono- 
nuclear leucocytes  is  a  ])liysiol()gical  elective,  because  all 
other  types  of  white  blood  corpuscles  disap|)ear  spontane- 
ously wben  cultivated  under  the  said  experimental  conditions. 
First  the  polymorphonucleai*  lencocytes  disappear  and  a  few- 
weeks  later  also  tlie  small  mononncleai'  cells.  It  was  [)Ossiblc 
to  retain  tlie  lai\^e  mononuclear  leucocytes  in  tlie  cultui'cs 
for  neaidy  three  months.  The  rale  of  multiplication  was 
much  slower  tban  that  of  fil)rol)lasts  and  epithelimn.  An 
interesting  fact  is  tliat  the  cultures  of  these  cells  were  mucli 
more  sensitive  to  all  influences,  wlielher  of  physical  or  che- 
mical nalnre.  And  still  the  most  interesting  and  important 
resnll  from  lliese  investigations  is  the  transformation  of 
the  large  mononnclear  leucocytes  into  tissue-forming  cells 
of  the  ly|)e  of  fibroblasts.  Xol  only  it  is  interesting  to  observe 
the  perfect  morphological  change  these  cells  may  undergo, 
but  more  im|)ortant,  it  seems  to  me.  is  the  change  which 
can  take  place  to  tissue-forndng  cells  from  a  type  of  cell 
which  under  ceiiain  conditions  al)S()lutely  does  not  show- 
any  tendency  to  form  anastomosis.  Maxim  off  ""  has 
l)robai)ly  ol)ser\-ed   the  beginning  of  the  same  transformation. 

Vov  a  long  time  it  lias  been  assumed  that  the  lymphocytes 
are  the  origin  of  the  various  types  of  connective  tissue. 
Kenaut  and  Dubreuil  "■'  wei'e  of  th;d  opinion  ^ni]  the 
observations    of    .M  a  x  i  m  o  f  f  i'").    (lai'i-el    and    1-]  he  ling 
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»c)  and  Fischer  i!*!)  scorn  lo  confirm  it.  The  conchlions 
under  which  the  differenlialion  lakes  place  in  vitro  ai-c 
nol  yel  known.  Il  does  nol  oeciii-  in  all  ciilliires  oF  lai-<^e 
mononuclear  leucocyles.  ])ut  mainly  in  those  whit-li  i^row 
verv  slowly. 


VI. 

Tissri{  iri;rrRii  as  a  imi\'si()L()gical 

AND  ANATOMICAL  MinilOl). 

1.    nui  iHMOKS  oi'  tmi:mu)I)\'. 

The  strains  ol"  lihroblasls  and  epithelium  i^row  with 
ail  astonishing  reguhiiily,  and  are  lound  to  respoiid  promptly 
to  changes  in  the  eoniposilion  of  tlie  culture  medium  by 
a  modil'icalion  of  their  rale  ol'  nuilti|)licalion.  The  strains 
can  therefoi'e  he  used  as  reagent  I'oi"  the  detection  ol"  sub- 
stances contained  in  the  humors  which  have  the  power  of 
activating   or   decreasing  the   rate   of  cell   proliferation. 

I'lom  the  very  beginning  of  the  researches  on  explamted  tis- 
sue cells,  barrel")  observed  a  constant  relation  between 
the  rate  of  growth  and  the  composition  of  the  medium.  A 
definite  programme  for  investigation  was  followed  by  Car- 
rel and  his  associates.  Cell  j)henomena  such  as  multipli- 
cation, growth  and  senility  were  studied.  It  was  vStatcd  by 
C  a  r  r  e  1  that  from  the  time  of  Claude  Bernard  it  was 
known  that  the  life  of  an  organism  is  the  result  of  the  in- 
teractions of  the  cells  of  which  it  is  composed  and  of  their 
milieu  i  n  t  e  r  i  e  u  r  e.  In  order  to  discover  the  laws  by 
which  the  cell  growth  is  regulated  it  would  be  necessary  to 
modify  the  humors  of  the  organism  and  to  study  the  effect 
of  these  modifications  on  the  growth  of  the  tissues. 

The  works  of  Can- el  and  his  pupils  of  the  last  15  years 
is  mainly  characterized  as  a  study  of  the  humors  of  the 
body  with  strains  of  tissue  cells  as  reagents.  The  work  is 
ingenious  in  its  continuity  and  prospeclivity.  Tne  results 
are  of  the  greatest  importance  and  dominated  by  manj^  new 
points  of  view. 

It  was  assumed  rather  early  by  Carrel  ^^),  that  a  me- 
dium more  efficient  than  normal  ])lasma  could  be  found,  as 
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the  tissues  in  the  organism  cerlainly  did  not  meet  wilh  llie 
best  possible  conditions  of  growth.  If  the  blood  was  the 
best  possible  medium,  the  cells  would  grow  without  restraint, 
the  organs  and  tissues  would  lose  their  relative  size  and 
morphology,  and  the  whole  body  would  become  monstrous. 

The  variations  of  growth  of  certain  tissues  were  then 
studied  in  plasma,  the  conditions  of  which  had  been  modified. 

It  was  discovered  by  L  o  e  1),  in  the  growth  of  certain  or- 
ganisms that  a  slight  alkalinity  or  hypotonicity  increased 
their  growth  considerably.  The  same  sensitiveness  was  ob- 
served by  Carrel  for  living  tissue  cells  in  vitro.  Modifi- 
cations of  the  osmotic  tension  or  the  alkalinity,  or  the  addi- 
tion of  certain  inorganic  salts  to  normal  plasma,  increase  tlie 
rate  of  growth  of  tissues.  Ebelingi*'^)  found  that  an 
increase  or  decrease  in  the  osmotic  tension  of  the  culture 
medium  at  first  stimulates  cell  proliferation,  but  eventually 
retards  it  and  proves  to  be  unfavourable  to  growth.  H  o  g  u  e 
260)  investigated  the  influence  of  various  osmotic  tensions 
qualitatively  on  the  tissue  cells. 

In  the  fundamental  experiments  of  J.  Loeb  on  artificial 
parthenogenesis,  it  was  demonstrated  that  cell  division  can 
be  induced  by  slight  changes  in  the  composition  of  the  sea- 
water  in  which  the  sea-urchin's  eggs  are  placed.  It  was 
therefore  supposed  by  Carrel  ^^)  that  certain  modifications 
of  the  milieu  i  n  t  e  r  i  e  u  r  e  of  the  tissues  of  mammals 
would  bring  about  the  multiplication  of  their  cells.  Already 
in  1907 — 08  Carrel  studied  the  processes  of  reparation 
of  small  cutaneous  wounds  and  the  action  of  various  sub- 
stances on  the  rate  of  cicatrization.  It  was  obsei*\'ed  that 
the  proliferation  of  epithelium  and  of  connective  tissues 
was  activated  by  dressing  the  wound  with  the  pulp  of  tis- 
sues and  organs.  Pulp  of  thyroid  gland  deposited  on  wounds 
of  the  dog  brought  about  the  formation  of  exuberant  granula- 
tions. Applied  to  bones,  it  produced  a  marked  thickening 
of  the  periosteum. 
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The  inriiuMicc  ol'  cxlnicls  IVom  vjirioiis  lissiics  \v;is  Iricd 
on  llir  is()l;il('(l  lissiu-  ci'lls  in  xilro.  I-^xIimcIs  ol"  cliickm  em- 
bryos, ol'  spleen,  kidney,  nuiseies,  i{  o  ii  s  sarcoma.  Ilivroid 
f^land  weiH  made  and  added  lo  llie  plasma  medium  ol'  [lie 
tissue  cells  and  the  exleiil  ol'  iji-owlh  measuicd  Tlie  resulls 
ohiained  al  llial  time,  when  llie  lechnicpie  ioi-  (issue  cul- 
li\ation  was  nol  as  perl'ecl  as  il  is  now.  were  ralhei'  slrikin<>'. 
All  Ihe  lissuc  extracts  were  found  to  activate  f^i'owlh  ol'  ttie 
connective  tissue,  but  the  decree  of  acti\ation  \aried  mucli. 
I^ml)rv()nic  tissue  juice  was  the  most  actiNc.  l-]xlracls  of 
adult  spleen  and  tlie  Ho  us  sarcoma  wci-e  almost  as  aclivo 
as  tlie  extract  of  cliicken  eml)i'yos.  Kidney  and  lieaiM  extracts 
were  mucli  less  actix'e.  wliile  the  extracts  of  connect i\e 
tissue  and  of  l)l()o(l  coi'puscles  l)rou.ii;lil  about  a  sli<«lil  ac- 
celeration only  of  the  growth.  The  influence  of  the  tnyroid 
f*land  extract  and  the  muscle  of  tlie  do^f  on  the  frrowlh  of 
periosteum  was  very  marked.  Thyroid  extract  was  moi'e 
active  tlian  muscle  extract.  It  was  also  obserNcd  that  when 
the  extracts  were  heated  to  .">()  (].  foi-  from  10  minutes  to 
half  an  hour  tliey  almost  lost  their  activity,  l-'ilti-ation  of  llu' 
extracts  throuffli  Berkefeld  filter,  caused  a  considcral)le 
decrease  in  the  activity  of  them,  and  filtration  thi"ou<j;h  a 
Cham  her  land  filler  suppressed  completely  the  activating 
power  of  an  extract.  This  has  already  been  mentioned  in  the 
chapter  on  the  culture  media. 

It  was  learned  as  a  fact,  that  the  tissue  cells  are  able 
to  live  for  a  short  time  in  plasma  alone;  and  that  the  death 
of  the  tissues  could  be  i)i-evented  by  adding  small  amounts 
of  extracts  from  chicken  embryos.  The  j^lasma  did  nol 
contain  the  substances  necessary  for  the  indefinite  mnltipli- 
cation  of  iibi-oblasts.  Although  the  fibroblasts  cannot  live 
indefinitely  in  jjlasma.  they  often  gi-ow  with  a  great  activity 
for  several  weeks.  According  to  L  e  w  i  s  ■'•^'^).  I  n  g  e  b  r  i  g  l- 
sen-*^^;  and  H  n  r  r  o  w  s  •^'~)  *"i  the  tissues  grow  al  the  ex- 
pense of  tlie  food  stoi'ed  up  in  the  bodies  of  the  cells. 
Therefore  an   actual   increase  of  the  l)ulk  of  the  tissue  was 
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never  observed,  it  is  a  mere  survival  ol"  tissues.  Tlie 
addilion  of  enil)ryonic  tissue  juice  to  the  plasma  activates 
the  cell-division  and  bi'in^js  about  an  immense  increase 
in  mass  of  llie  tissue.  The  strain  of  fibroblasts  of  Carrel 
derived  from  a  small  fragment  of  embryonic  heart  has  pro- 
duced about  30,000  cultures  in  9  years  and  is  as  active  to- 
day as  at  the  beginning  of  its  life.  Carrel  and  Ebeling^^) 
found  that  connective  tissue  grew  as  extensively  in  fibrin, 
fixed  by  formaldehyde  as  in  normal  fibrin,  therefore  the 
role   of  fibrin   must  be   considered   as  purely   mechanical. 

The  influence  of  serum  was  investigated  by  (barrel  and 
El>eling  f'-^;  by  measuring  the  rate  of  growth  of  fibro- 
blasts in  media  containing  no  serum.  The  fibroblasts 
were  cultivated  in  media  composed  of  fibrinogen  sus- 
pensions and  of  T  y  r  o  d  c  solution  and  containing  no 
serum  or  serum  in  varied  dilutions.  The  fibrinogen 
was  prepared  according  to  a  technique  described  by  E  b  e- 
lingi*'-  The  results  of  the  growth  of  fresh  embryonic 
heart  tissue  in  media  containing  from  0  to  90  per  cent 
serum  showed  that  the  cells  in  their  process  of  multipli- 
cation do  not  make  use  of  the  serum  to  an  extent  measure- 
able  by  the  present  technique.  The  growth  of  embryonic 
heart  appeared  to  be  independent  of  the  concentration  of 
the  serum  as  long  as  the  amount  of  fibrin  was  not  modified. 
Also  the  old  strain  of  fibroblasts  was  cultivated  in  media 
containing  serum  from  2.37  to  80  per  cent;  there  was  not 
observed  any  difference  between  the  amount  of  growth  of 
the  fragments;  the  rate  of  growth  decreased  rapidly  and 
death   occurred   usuall}'   after  the   6th   or   71  h   passage. 

When  fresh  embryonic  heart  tissue  and  connective  tis- 
sue from  the  old  strain  were  cultivated  in  serum  and  fi- 
brinogen only,  there  was  a  striking  difference  between 
the  growth  of  the  two  fragments.  As  soon  as  the  strain  of 
fibroblasts  was  placed  in  plasma  alone,  the  rate  of  multipli- 
cation of  its  cells  decreases,  while  under  the  same  conditions 
the  activity  of  a  fragment  of  embryonic  heart  increased  for 
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sc'vci'iil  (hiys.  Ilu-  lilc  of  licarl  (issue  \\;is  miicli  loii.m'r  lli;iii 
Ihiil  of  llic  strain  ol'  lihrohiasls.  This  plu-iioiiu'iioii  is  cx- 
plaini'cl  l)y  llic  IVcsli  ciiihi-voiiic  lu-arl  coiilainin^f  llicsc  ac- 
ccloralinj.',  siibslaiiccs  as  tlu-y  ai'c  loimd  in  llic  ('inl)i'vonic 
juice  \vlu'i-t-as    llie  old    strain   ol'  fibroblasts  contains   ver\ 

little    c()nii)are(l    with    the    fresh    tissue. 

In  order  to  learn  wiielher  the  end)i"yonic  (issue  juiei'. 
which  causes  the  indefinile  niulliplicalioii  of  fibroblasts 
in  vitro,  renders  possible  llu'  utilization  by  Ihe  cells  of 
substances  contained  in  tlie  serum  or  the  fibrin  oi- wiietbei' 
it  su])i)lies  itself  tlie  material  required  by  the  cells  for 
their  proliferation,  (barrel  and  I"  b  e  1  i  n  g  ■'•*;  made  the 
following  exi)erimenls. 

In  some  experiments  tlie  media  were  composed  of  a 
constant  amount  of  fibrinogen  suspension  and  end)i\vonic 
tissue  juice  and  varied  tpianlilies  of  serum  and  Tyrode 
solution.  The  results  of  these  experiments  showed  that  the 
lack  of  serum,  or  its  pi'esence  in  low  or  high  concentra- 
tions, had  no  influence  on  the  I'ate  of  growth.  'J'his  demon- 
strated that  in  the  jiresence  of  embryonic  tissue  juice,  there 
was  no  utilization  of  the  serum  or  fibrin  to  a  measureable 
extent. 

In  other  experiments  the  embryonic  tissue  juice  was 
added  in  increasing  amounts  to  a  constant  amount  of  serum 
and  fibrinogen.  The  results  of  these  experiments  were  that 
increases  in  concentration  from  0  to  10  jx'r  cent  of  embrj^- 
onic  juice  brought  about  a  greater  change  in  activity  of 
the  cells  than  inci'cases  from  10 — 80  "o.  After  the  concen- 
tration of  the  juice  in  Ihe  medium  had  reached  10  per 
cent,  no  further  increase  was  observed  at  any  higher  con- 
centration, (Fig.  30). 

Already  in  the  early  ])eriod  of  tissue  cultivation  C  a  r- 
reP'^)  discovered  that  by  cultivating  connective  tissue  in 
the  plasm:  of  chickens  of  different  ages,  he  found  that  the 
growth  was  more  abundant  in  the  plasma  of  the  younger 
than   in   that   of  the  older  animals.   This  fact  suggested   Ihat 
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.if|-()\viiio;  lil)i'()l)lasls  could  Ix'  used  ;i.s  ;i  i-(';in(.n(  r,,|-  (j^. 
changt's  occiin-iiii)  in  llic  blood  uiidci-  llic  inriiiciicc  ol" 
age.  Loeb  and  \  o  i- 1  li  r  o  p  ";«)  came  lo  Ihc  conclusion 
ol"  their  ex])erinienls  on  llic  Icnipcralnrc  cocliicicnl  ol"  diir- 
alion  of  life  of  Ihe  frnililv  Drosophila,  liml  llic  duralion 
of  life  was  probably  dclcnnincd  l)y  Ihc  production  of  a  sub- 
slance  leading  lo  old  age.  or  by  Ihe  dcsli-uclion  of  a  sub- 
slaiicc    normally     preventing    old    age.      In    order     lo     know 
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Fig.  30. 
Relation  between    absolute   increase  of   the    tissue   and  tlie  concentration  of 

the  embryonic  juice  in  the  medium. 

From  Carrel  and  Ebeling:   Multiplication  of  fibroblasts  in  vitro.  Journ. 

of  Exp.  Med.  1921,  XXXIV,  333. 


which  of  Ihese  hypotheses  was  the  righl  one.  Carrel  and 
E  be  ling  32)  made  a  series  of  experiments  on  fibroblasts 
enllivated  in  plasma  from  chicken  representing  different 
ages. 

It  was  observed  that  Ihe  growth  of  fibroblasts  in  plasma 
from  young  chickens  was  more  abundani  than  thai  in 
the  plasma  from  the  old  chickens^-),  ^^hen  a  fragment  of 
connective  tissue  from  the  old  strain  was  placed  in  plasma 
alone,    a  sudden    drop    in    Ihe    velocity    of    growth    was   ob- 
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scrvt'd  This  rcsiilk'd  from  llu-  sii|)|)rc'.ssi()n  in  the  medium 
ol"  the  iiclivc  subslancc-s  contaiiU'd  in  cinhryonic  juice.  If 
the  growlli  was  compared  of  Iwo  such  fra<^menls  in  i)hismn 
ah)ne.  the  one  cultivated  in  jjlasma  from  a  young  cliicken 
and  the  oliui'  in  phisma  from  an  old  chicken,  it  was  ob- 
served thai  llu-  gi'owlli  and  pi'oliferation  slopped  entirely 
and    Ihe    death    occuri-ed    much    sooner   of    the    fragnuiil    eul- 
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Fig.  31. 
Comparison    of  the  rate  of  growtti  of  fibroblasts  in  the  plasma  of  a  6  week 
old  chicken  and  a  3  year  old  hen.   The  sudden  drop  in  the  rate  of  growth 
of  the  culture  in   the  6  week  plasma  was  accidental.   The  small  amount  of 
growth  obtained  at   the  5th  passage   was  due  to  the  transfer  of  the  tissues 

to  a  fresh  medium  after  24  hours  instead  of  48  hours. 

From  Carrel  and  Ebeling:  Age  and  multiplication  of  fibroblasts.  Journ. 

of  Exp.  Med.,  1921,  XXXIV,  602. 


tivatcd  in  the  jjlasma  of  Ihe  old  chicken,  Ihan  of  the 
fragment  in  the  plasma  of  the  young  annual  (Fig.  31:.  In 
many  cases  the  fragment  cultivated  in  plasma  from  a  3 
months  old  chicken  died  after  11  i)assages,  while  the  frag- 
ment cultivated  in  plasma  of  a  3  years  old  chicken  died 
after  7  passages.  —  In  another  experiment  a  fragment  cul- 
tivated in  ])lasma  of  a  3  months  old  chicken  died  after  16 
|)assages.  while  a  fragment  cultivated  in  plasma  from  a  9 
years  old  chicken  died  after  3  passages.  The  duralion  of 
life   of    the    cultures    in    the    plasma    of    the   old    animal    was 
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only  19  per  cent  of  llial  in  Ihe  phisni;i  of  Ihe  yoiiiiij  ani- 
mal. The  result  of  these  ex|)eriinents  was  Ihal  (lie  rale 
of  multiplication  of  f  i  h  r  o  h  1  a  s  t  s  and  the  <  1  ii  r  a- 
t  i  o  n  of  their  life  in  \'  i  I  r  o  varied  in  i  n  \-  e  r  s  e 
ratio  to  the  age  of  Ihe  animals  from  w  h  i  c  h 
the   plasm  a    o  r    the    s  e  r  u  m    was    taken. 

Experiments  were  undertaken  by  Carrel  and  1'^  b  e- 
ling'-^-^  to  examine  if  the  aclion  on  the  growth  of  fibro- 
blasts of  serum,  taken  from  animals  of  advanced  age 
could  be  explained  by  the  disappearance  from  the  blood 
of  an  accelerating  factor,  or  the  development  in  the  blood 
of  an  inhibiting  factor.  The  working  hy})othesis  of  the 
investigators  was,  that  if  youth  w-ere  supposed  to  be  char- 
acterized by  a  factor  present  in  the  blood  and  activating 
the  multiplication  of  fibroblasts,  and  senescence  by  a  de- 
crease in  the  power  of  this  factor,  connective  tissue  cells 
should  proliferate  more  actively  in  a  medium  containing 
serum  under  a  high  concentration  than  in  a  medium  with 
a  lower  concentration  of  the  same  serum.  On  the  con- 
trary, if  the  same  phenomena  were  caused  by  the  pro- 
gressive increase  in  an  inhibiting  factor,  the  fibroblasts 
should  multiply  more  actively  in  a  low  than  in  a  high  serum 
concentration. 

It  was  found  that  the  difference  in  the  rate  of  growth 
in  the  low  and  high  concentration  of  serum  or  plasma 
from  young  and  old  animals,  were  practically  the  same. 
This  demonstrates  that  the  blood  serum  in  growing  animals 
does  not  contain  any  accelerating  factor  for  the  proliferation 
of  the  fibroblasts.  Age  does  not  therefore  bring  about  the 
disappearance  from  the  blood  serum  of  an  accelerating 
factor,  but  produces  the  increase  of  an  inhibiting  factor  for 
the  growth  of  fibroblasts. 

A  studj/  of  the  influence  of  heterogenic  sera,  taken  from 
animals  of  different  ages,  on  the  rate  of  growth  of  fibro- 
blasts has  also  been  made  by  Carrel  and  E  b  e  1  i  n  g  »^). 
It  was  found  earlier  by  Carrel,  that  the  amount  of  growth 
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in  lu'lcroj^ciiic  scniin  obliiincd  IVoiii  yoim^  :iiiiin;ils  was 
imich  ^rcnlcr  llian  in  lu'lcroncnjc  scnini  IVom  :)l(l('r 
animals  II  was  (licrcrorc  assumed  lliat  chicken  librohlasls 
could  be  used  also  as  a  I'ea^eni  i'oi'  (lie  deleclion  of  ll\e 
modilicalioiis  l)i-ouj«ld  aboul  l)>  a^e  in  llie  hlood  oj  olliei' 
animals 

ir  (he  conceulralion  ol  Ihe  lielero^enic  sera  was  increased 
beyond  a  certain  <«rade.  the  inliibilin^  action  of  Ihe  medium 
ra|)i(lly  became  marked  and  ollen  no  •^rowtli  was  ;)bserve<l 
when  Ihe  conci'nlralion  i-eached  ."50  1.")  per  cenl.  Sei'a  were 
obtained  from  cats  and  doj^s.  Ilie  inhibilini;  iid'luence  ol' 
heterogenic  serum  was  found  lo  \ary  in  direct  ratio  to  the 
age   of   tlie   animal    from    wliich    it    was   ol)tained 

Many  attempts  ha\i'  been  made  1)\'  (larrel  to  lind 
soni'  ])hysical  or  chemical  jM'operties  of  the  various  sera 
fr(jm  yonng  and  old  animals  which  would  corres])()nd  to 
their  biological  |)roi)erlies  of  increasing  or  decreasing  the 
rate  of  growlli  of  fibi'oblasts.  I-'rom  this  point  of  view  1 
have  together  with  Carrel*)  made  (piantitative  chemical 
investigations  of  the  \ai'ious  st'i'a  and  at  the  same  time 
their  action    on    sti'ains   of   fibroblasts   was    tested. 

The  relati^■e  amounts  of  globulins  and  albumins  were 
measured  l)y  means  of  the  H  o  1)  e  r  t  s  o  n's  I'efractonietric 
method.  At  the  same  time  the  amount  ol  total  nitrogen  and 
the  amino  acids  and  amino  nitrogen  SorenscTi.  \' a  n 
Slyke     was   determined    of   the   \ai'ious    |)r<)teins 

The  I'esults  of  these  exj)ei'iments  wei"cu  that  with  the 
increasing  age  of  the  animal,  the  niti'ogenous  substances 
increased,  also  the  inhibiting  effect  of  the  sera  and  \- i  c  e 
vers  a. 

It  was  found  recently  l)>  (larri'l  and  blbeling  '^  that 
the  action  of  serum  on  homologous  fibi-oblasts  was  not  due 
to  one  inhibiting  substance  only,  but  to  the  cond)ined  action 
of  two  substances,  one  activating  and  the  other  inhibitijig. 


*)  Unpublistied  experiments. 
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111  piTcipitaling  llu'  serum  willi  CO,,  it  was  loimd  iluil 
these  substances,  globulins,  increased  the  aelivily  ot  til)i-(»- 
blasls,  which  indicates  that  a  growlh-pronioting  substance 
had  been  obtained  from  the  serum.  The  serum  deprived 
of  its  globulins  showed  to  have  an  increased  iiihibiling  effect 
on  the  fibroblasts.  It  was  therefore  concluded  that  the  re- 
straining effect  of  serum  on  the  activity  of  homologous  fibro- 
blasts is  due  in  i)art  to  the  antagonistic  action  of  growth- 
activating  and  inhibiting  substances. 

The  growth-promoting  principles  of  the  serum,  which 
is  precijjilaled  by  CO.  is  found  by  Carrel  and  Ebe- 
ling35)  to  be  as  unstable  as  alexin  and  cerlain  tissue 
juices,  which  have  the  property  of  increasing  the  rate  of 
cell  proliferation.  The  alexin  and  the  growth-promoting  sub- 
stances contained  in  embryonic  tissue  juice  possess  the 
same  property  of  being  destroyed  by  heat  and  by  shaking. 
It  was  found  that  the  inhil)iling  action  of  shaken  homolo- 
gous serum  on  fibroblasts  was  at  least  30  per  cent  greater 
than  that  of  unshaken  serum. 

When  heterologous  serum  was  shaken,  dog  serum  being 
used,  its  inhibiting  action  on  chicken  fibroblasts  was  very 
much  decreased.  The  hemolytic;  action  of  dog  serum  to- 
wards the  red  blood  corpuscles  of  chicken,  was  partly  in- 
activated by  shaking.  The  shaking  could  be  com])ared  to 
the  influence  of  heat.  Shaken  serum  was  found  always  to 
inhibite  the  activity  of  homologous  fibroblasts  much  more 
than  normal  unshaken  serum.  When  the  alexin  of  chicken 
serum  was  completely  inactivated  by  shaking,  its  restraining 
power  on  chicken  fibrol)lasts  became  also  more  marked. 
On  the  contrary,  dog  serum  partly  inactivated  by  shaking, 
was  much  less  toxic  for  chicken  fibroblasts  than  normal 
serum  It  was  assumed  by  Carrel  and  Ebeling^^;  tliat 
the  restraining  effect  of  shaken  serum  on  foreign  fibroblasts 
may  be  attributed  to  the  destruction  of  alexin. 

After  Carrel  f''0  had  introduced  his  new  technique  of 
cultivating    tissues    in    flasks    uninterrupted    for    2—3    weeks 
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insload  of  2  dnys  as  in  the  han^in<j  drop  nicthod.  .many 
problems  williin  the  physiology  of  the  tissues  can  he  in- 
vestigated under  mueli  hetler  conditions.  It  was  found  Ihal 
the  growth  of  the  tissues  j)roceed  at  a  constant  rale  for  2-  .T 
weeks  and  the  increase  of  the  tissues  is  expressed  in  a, 
parabola  when  the  medium  is  a  nutrient.  In  a  protective 
medium  the  growth  is  exi)ressed  by  an  S-shaped  ciu've. 
The  S-siia|)ed  curve  indicates  the  residual  activity  of  a  tissue. 
The  activity  of  a  tissue  at  a  given  instant,  is  a  function  of 
at  least  three  independent  variables,  the  inherent  cell  activity, 
and  the  concentration  of  growth-activating  and  growth-inhi- 
biting substances  in  the  medium.  The  inherent  activity  of  a 
tissue  is  its  activity  in  a  protective  medium  without  nutrient 
material. 

This  inherent  growth  energy  of  tissues  has  been  tho 
subject  for  si)ecial  investigations  by  ('arrel''^).  There  is 
a  definite  relation  between  the  growth  energy  of  a  given 
tissue  and  its  age,  and  it  is  found  by  earlier  stu(hes  of 
Carrel  that  the  healing  of  an  aseptic  wound  is  a  function  of 
the  age  of  the  ])atient.  which  is  determined  by  the  size  of 
the  wound  and  its  index  of  cicatrization,  (d  u  N  o  ii  y)  '-"). 

Pure  strains  of  fibroblasts  or  heart  tissue  were  according 
to  Carre  1,  placed  in  the  culture  flask  of  the  D  type  and 
the  culture  medium  was  composed  of  a  solid  phase  ,0,5  cc. 
of  plasma  and  IV2  cc.  of  Tyrode  solution  containing  5  'Vo 
embryonic  tissue  juice)  and  the  liquid  phase  of  Tyrode 
solution  only.  The  residual  life  of  a  fragment  of  heart  of 
an  8  days  embryo  varied  from  7 — 12  days.  The  residual 
life  of  a  fragment  of  an  11  year  old  strain  of  fibroblasts, 
lasted  7 — 8  days.  In  comparing  the  residual  growth  energy 
of  a  heart  fragment  from  a  10  days  old  chicken  embryo  and 
a  17  days  old  embryo,  the  grow^th  of  the  older  tissue  was 
about  30  per  cent  less  extensive  than  that  of  Ihe  young(>r 
one. 

By  the  method  of  cultivating  tissues  in  flasks  uninter- 
ruptedly for  long   periods  of  time.   Carrel   and    l''l)eling 
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9'-»)  found  that  the  tissue  cells  cannot  obtain  llu;  nilrogen 
necessar}  tor  their  proliferation  from  chicken  bouillon,  egg 
white,  egg  yolk  or  pure  egg  albumin.  It  was  also  obsen'ed'''; 
that  the  addition  lo  a  ])rotective  medium  of  extracts  of  tis- 
sues from  adult  animals,  stimulated  (he  rate  of  growth  ot 
homologous  fibroblasts.  Also  the  addition  of  heterologous  ex- 
tracts or  tissue  juice  stimulated  a  culture  of  fibroblasts  to  in- 
crease in  mass,  at  least  for  a  time.  It  was  shown  that  mouse 
embryo  juice  was  just  as  active  on  chicken  fibroblasts  as 
the  embryonic  chicken  juice.  After  2()  passages,  the  rate 
of  growtti  of  chicken  fibroblasts  was  still  practically  the 
same  in  both  substances.  Rabbit  eml)ryo  juice,  and  guinea  pig 
embryo  juice  showed  almost  as  active  on  chicken  fibroblasts 
as  the  chicken  embryo  juice. 

Fibroblasts  and  epithelium  ai*e  not  able  lo  multiply  with 
blood  serum  as  the  only  nutrient.  It  is  known  thai  tissues 
of  an  adult  animal,  even  an  old  animal,  are  able  to  grow 
and  multij^ly  under  the  formation  of  a  lai'ge  amount  of  new 
tissues,  for  instance  when  wounds  are  healing.  Under  the 
process  ot  cicatrization  of  a  wound  in  an  animal  of  old  age, 
substances  which  stimulate  the  growth  must  be  lil)erated. 
Carrel"'^)  found  that  leucocytes  supply  the  adidt  tissues 
with  substances  which  activate  the  rate  of  proliferation 
in  the  same  way  as  embryonic  juice.  The  leucocytes  remain 
during  the  entire  life  of  the  organism,  in  the  embryonic  stage 
of  development  and  contain  growth-promoting  substances. 
These  substances  could  be  extracted  from  leucocytes.  (I  a  r- 
rel'^^)  also  showed  that  living  leucocytes  during  their  life 
in  vitro,  secrete  growth-activating  substances.  He  also  found 
that  leucocytes  are  capable  of  setting  free  growlli-activating 
substances  in  vivo.  In  making  an  ase])tic  inflamnuition.  small 
sponges  soaked  with  dilute  hydrochloric  acid,  were  placed 
beneath  the  skin  of  chickens.  The  inflamed  tissue  was  ex- 
tracted with  a  small  amount  of  Ringer  solution  and  tested 
against  fibroblasts  in  cultures.  The  experiment  showed  that 
the  inflamed   tissue,   when  quantities  of  leucocytes  have  ac- 
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ciiimilalcd.  conhiiiKMl  siilishmccs  (';i|);il)lc  of  iiicrciisiii^f  [he 
rnlc  ol'  miilli|)lic;ili()n  oT  ril)r(jl)l;is(s.  Similar  c'Xj)criinenls  wore 
iiiulcrlnkcn  witli  injc'clioiis  ol"  slapliylococciis  suspension, 
d()<4  red  blood  corpuscles.  Iur|)enline  oi"  bouillon  into  the 
periloneuin  ol"  cliickens.  'I'he  ifrowlli  oT  ribroi)las|s  with  ad- 
dilioii  ol'  exlracls  from  lliese  inl'lanied  tissues,  proved  in 
many  experiments  to  be  KM)  pei-  cent  greatei-  than  that  ob- 
tained in  l\  i  n  <i,  e  r  solution. 

Recently  (larrel  and  b^  1)  e  1  i  n  g  ^*^!  have  proved  that  the 
lymphocytes  are  capable  of  li'ansforming  some  of  Uie  serum 
constituents  into  the  more  com])lex  compounds  necessary  for 
the  nutrition   ol"   the   fibroblasts   and   epithelial   cells. 

Lym|)hocytes  were  cultivated  on  chicken  |)lasma  alone 
in  the  D  flasks;  after  a  months  cultivation.  Iragments  of 
the  plasma  wei'e  fixed,  stained  and  I'xamined  microscopic- 
ally. It  was  ascertained  that  the  lym])h()cyles  were  in  full 
acti\ity  and  had  mulli])lied  and  invaded  the  entire  culture 
medium. 

In  another  intereslintf  experiment  of  (lai'rel  and  l-',  b  c- 
ling  '^^)  a  fragment  of  spleen  was  placed  at  a  shoi't  distance 
from  a  culture  of  fibroblasts;  the  rate  of  multiplication  of 
the  fibroblasts  was  markedly  increased,  owing  to  the  secre- 
tion of  growth-stimulating  substances  by  the  leucocytes.  It 
was  fount!  also  that  leucocytes  do  not  live  more  than  10  daj'^s 
in  Tyrode  solution.  This  denotes  that  in  a  non-nutrient 
medium,  they  exhausted  their  residual  energy  from  7 — 10 
days.  Thus  follows  that,  if  leucocytes  are  cultivated  in  blood 
serum  for  more  than  10  days  and  are  able  to  increase  in 
migration  and  multi|)licalion  of  fibroblasts,  the  material  used 
by  them  in  the  elaboration  of  the  growth-i)romoling  substan- 
ces must  come  from  the  serum. 

The  experiment  was  undertaken  in  this  way.  In  a  1)  flask, 
a  fragment  of  s])leen  was  ])lace(l  12  mm.  from  a  fragment 
of  a  pure  culture  of  fibroblasts.  The  licfuid  part  of  the  cul- 
ture medium  was  composed  of  pure  serinn.  therefore  the 
fibroblasts  stopped  their  proliferation  after  5  days.  The  leu- 
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cocvlcs  IVom  tlic  s|)locn  frajfiiiciil  slowly  iiivndcd  llic  incdiimi 
and  reached  llie  nei^hlxjiirliood  of  (he  eolony  of  ri])rol)lasls. 
On  Ihe  i)th  day.  the  fil)rohhisls  liad  heeoine  very  lai-f^e  and 
llieii-  cylo))!  isni  was  dark  and  loaded  wilh  Tat  i«i-anides.  'I'he 
lyniphoeyles  prolileraled  very  actively  and  some  of  them 
reached  Ihe  fi])rol)lasts.  Durinff  the  following?  days,  the  ap- 
pearance ol"  Ihe  fibroblasts  changed.  They  became  slender 
and  elongated  and  theii*  cytoplasm  decreased  in  volume  and 
Ihey  began  to  ])i"o]iferale  actively,  became  refreshed  and 
fully  active.  —  This  is  a  beautiful  demonstration  of  the 
growth-promoting  function  of  the  leucocytes  and  a  clean  cut 
experiment  proving  that  leucocytes  are  ca])al)le  of  transfor- 
ming the  serum  into  comi)lex  substances  which  supply  fibro- 
blasts with  nutrient  material  for  their  multiplication,  sub- 
stances with  are  called  trephoiies. 


2.    TUV.  PHY.SIOLOGIC.AL  INTEGRITY  (W 
TIS.Sl'E  CELL.S. 

It  has  been  much  discussed  whetliei*  the  tissue  cells  have 
to  be  considered  as  genetical  and  morphological  units  of 
the  organism,  or  if  certain  cell  colonies  or  tissues  or  the 
entire  organism  may  be  considered  as  the  unit. 

The  synzylium  theory  of  the  organism  on  the  one  side 
represented  by  Rhode  ^^o)^  and  the  bioblast  theory  (A  1 1- 
m  a  n  n"  on  the  other  are  the  extremes  of  Ihe  numerous 
lhe(U-ies.  The  •Zellenstaat''  or  •Bausteintheorie"  (V  i  r  c  h  o  w. 
Ifaeckel:  is  the  c(mcei)tion  of  the  perfect  disconliuuily 
and  independency  of  the  individual  tissue  cells.  On  the  con- 
liary  the  ■•Synzylium"  theoi'y  or  symblasl  theory,  is  the 
notion  of  i)erfect  continuity  of  the  plasma  of  the  organism 
by  the  means  of  cytoplasma  bridges  between  the  cells.  These 
bridges  or  anaslomotics,  called  ••plasmodesms".  should  serve 
as  itineraries  for  the  transport  of  alimentary  products,  of 
internal  secretions  and  of  living  cyto])lasm. 
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The  U'chni(|iic  of  ninkin;^'  tissue  ciilliircs  was  supposed 
to  solve  this  (|U('sli()ii.  Slc'i)s  towards  llu'  solulion  ot  the  ipics- 
tion  by  this  lechni(|ii('  have  not  been  niatlc  so  far. 

Most  investigators  are  |)i-one  to  approaeli  llie  |)r  )l)leni  of 
the  tissue  eullure  loo  exclusively  from  a  jjaeleriologieal  point 
of  view.  People  use  the  tei'uis  -pure  eultui'e  of  tissue  cells 
in  the  same  meaning  as  llu\v  sj)eak  of  pure  euiliu'es  of 
bacteria  or  ])aramccia.  Peoph*  nowadays  are  most  inclined  to 
consider  the  tissue  cells  in  vitro  as  cultures  of  indejjeiide.nl 
cell  individuals. 

Long  ago  I  planned  experimetils  endeavoui'ing  to  solve 
this  problem.  The  fii'st  thing  wliich  had  lo  be  done  was  to 
see  if  it  was  possible  to  obtain  growth  and  mullijjlication  of 
one  single  isolated  tissue  cell  in  vitro;  in  other  words  lo  sec 
if  it  was  possible  to  obtain  a  colony  of  pure  fibroblasts  from 
one  single  fibroblast,  as  colonies  of  bacteria  can  be  ol)lained 
from  one  single  bacterium. 

In  order  to  get  a  suspension  of  living,  uninjured  tissue 
cells  foi"  the  experiments,  it  was  necessary  lo  deveh^p  special 
methods.  In  the  plasma  culture,  the  tissue  cells  are  connected 
by  means  of  the  fil)rin  threads  in  the  clot  and  furthermore 
the  cells  are  intimately  adherent  to  one  another  by  proto- 
plasmatic anastomoses. 

A  method  for  isolating  single  individuals  of  fibroblasts 
has  been  worked  out  by  Rous  and  Jones  ^'^').  The  plasma 
cultui'es  of  fibroblasts  were  digested  by  means  of  trypsin  and 
a  suspension  of  tissue  cells  was  obtained.  This  method  did 
not  prove  to  be  suitable  for  the  purpose  as  a  large  i)crcen- 
tage  was  killed  and  several  cells  remained  connected  to  one 
another  as  cell  colonies. 

A  new  technique  was  therefore  devised.  The  fibrin 
thread  connections  were  eliminated  by  cultivating  the  fibro- 
blasts in  a  fluid  dro])  of  embryonic  tissue  juice  with  Ihe  ad- 
dition of  extremely  fine  cut  cotton  threads  serving  as  a  sii[)- 
port  for  the  cell  growth,  and  substituting  the  fibrin  mesh- 
work. 
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Ordinarj-  absorbent  cotton  was  finely  cul  bclwccji  two 
fingers  by  means  of  a  small  pair  of  accurate  scissors  into  a 
fine  powder-like  substance  and  sterilized  by  dry  neat.  It 
was  suggested  beforehand,  that  if  it  were  possible  lo  cut 
the  cotton  threads  extremely  fine,  they  might  be  easily  dis- 
tributed in  the  fluid  medium  and  each  cotton  thread  being 
so  small  that  there  would  be  room  only  for  allowing  one  or 
two  cells  to  adhere  to  it;  it  would  therefore  be  possible  lo 
aspirate  the  liquid  drop  of  culture  medium,  containing  the 
colton  threads  and  fibroblasts  by  means  of  a  fine  pipette  and 
aflerwards  distribute  it  in  a  drop  of  plasma,  which  after 
coagulation  has  taken  place,  would  fix  the  cotton  threads 
with  the  few  tissue  cells  on  them,  in  various  places  wilhin 
the  clot.  The  method  was  found  to  be  very  satisfactory. 
After  the  cells  were  transferred  to  the  plasma  clot,  in  Ihe 
above  way,  they  were  found  to  be  well  isolated  and  distri- 
buted in  the  plasma  and  the  life  of  the  cells  could  be  ol)- 
served  from  day  to  day. 

Soon  after  the  cells  had  been  Iransfei'red  lo  Ihe  fixed 
culture  medium,  they  were  found  to  have  assumed  a  s})heri- 
cal  form,  the  cells  in  the  liquid  culture  which  eluded  Ihe 
pipette  had  also  become  spherical,  a  phenomenon  which  is 
due  to  the  sudden  deprival  of  their  solid  support.  This  same 
phenomenon  has  already  been  described  also  by  Rous  '^'''') 
and  U  h  1  e  n  h  u  I  h  ^^^).  The  cells  looked  very  much  like 
leucocytes. 

One  will  now  observe  a  lively  ameboid  movement  going 
on  in  the  spherical  fibroblasts  in  the  fixed  medium.  Often 
the  protoplasma  currents  may  develop  a  remarkable  turn 
of  speed.  —  After  a  few  hours,  as  a  rule,  the  cells  will 
have  assuined  a  typical  spindle  shape,  characteristic  of  fibro- 
blasts. When  this  change  has  taken  place  all  movement  ap- 
pears to  cease.  In  this  conditions  the  cells  remain  apparently 
unchanged  in  outline,  but  the  protoplasma  filling  up  gra- 
dually with  vacuoles  and  fat  granules,  death  takes  place,  and 
the  protoplasm  decays  and  dissipates. 
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1 1  hab  not  hi'on  possibk"  U)  ohscrve  Ihe  division  and  proli- 
Icralion  ol"  an  isolated  cell,  lliuugh  hundreds  of  cells  have 
been  sludietl  with  this  object  in  \ie\v.  (irowlh  by  prolileralion 
has  been  observed  only  when  a  iiuniber  of  cells  were  in 
close  contact  in  a  culture.  These  observations  lead  to  the 
question  as  to  whether  intercellular  contact  is  essential  to  the 
cells  for  their  growth  and  mulliplication.  and  what  signifi- 
cance the  contact  has  in  growth  and  inullijjlieation  of  Ihe 
cells. 

It  would  l)e  interesting  to  discover,  as  a  supplenienlary 
experiment  to  the  above,  how  excised  pieces  of  different 
location  within  the  tissue  culture,  behave  in  res])ect  to  their 
ability  to  multiply  when  transplanted  to  a  fresh  medium. 
For  this  reason  experiments  were  undertaken  to  demonstrale 
how  the  different  parts  of  a  culture  grew  and  multij)lied. 

Before  discussing  the  problem,  it  will  be  well  to  desci"ibe 
the  other  methods  by  which  the  attempt  was  made  to  de- 
termine whether  isolated  cells  are  able  to  multi]ily.  The 
results  of  the  experiments  just  mentioned  may  have  been 
due  to  a  technical  error.  Anyway  it  has  to  be  taken  in  con- 
sideration that  it  is  not  impossible  thai  the  manipulations 
may  injure  the  cells,  despite  signs  which  seem  to  indicate 
perfect  vitality. 

^^  hen  ordinary  cultures  were  cut  in  two  halves  and  trans- 
ferred to  a  fresh  medium,  it  was  frequently  noled  Ihal  llie 
cells  began  to  grow  out  first  from  the  centre  of  the  cut 
edge  of  the  culture,  that  is  to  say  from  the  i)oinl  at  which 
the  cells  were  most  crowded,  and  only  a  little  later  on  from 
the  periphery.  This  has  also  been  noted  by  Carrel*,  l-rtmi 
the  observation  it  might  be  deduced  that  the  central  i)ail  of 
the  culture  has  a  greater  ability  to  jiroliferatc  than  the 
peripherial  part,  where  the  cells  are  more  scattered.  Some 
experiments  were  undertaken  to  see  how  minute  Ihe  frag- 
ments of  a  piece  of  tissue  from  a  culture  could  be  and 
retain   the    ability    to    multiply    when    transplanted    to    a    la- 

*)  Carrel,    A.,    Personal  cominunication. 
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vourable  culUirc  medium.  It  was  found  that  if  the  Iransplan- 
lod  piece  consisted  of  a  few  scattered  cells  no  growth  look 
place,  and  the  cells  took  on  the  aspects  of  degeneration  at  a 
time  when  the  control  culture  seemed  to  he  in  perfect  con- 
dition. By  contrast,  when  the  small  clumps  of  cells  had 
been  taken  from  the  central  portion  of  the  culture  where 
it  was  dense,  growth  was  extensive.  The  tissue  used  in  these 
experiments  was  derived  from  a  4  month  old  strain  of  fibro- 
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Fig.   32. 

A,  outline  drawing  of  the  culture  shown  in  Fig.  33  after  incision.  The  limits 
of  the  mother  culture,  the  separated  culture,  and  the  wound  are  to  be  seen. 

B,  outline  drawing  of  the  same  culture  after  24  hours  incubation.  The  mo- 
ther culture  has  almost  doubled  in  size  since  the  wound  was  made  but  the 

separated  fragment  has  ceased  to  grow. 
From  The  Journ.  of  Exp.  Med.   1923,  XXXVlll,  671. 

blasts,  isolated  and  cultivated  in  the  Insliliile  of  General 
Palliology,  Copenhagen.  The  small  fragments  were  obtained 
by  clean  cuts  with  a  sharp  cataract  knife.  After  a  little  prac- 
tice fragments  could  be  cut  so  small  that  they  could  only 
just  be  distinguished  with  the  naked  eye. 

Here  it   might  be  objected   that   the   poor  growth  of   the 
fragment  containing  onlv  scattered  cells  was  a  result  of  the 
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rclrMclion  ol'  [hv  l'il)rin  clol.  In  allcmpls  lo  inninUiin  uniform 
coiulilioiis  (lui"inj^  tlic  scpaiMlioii  ol"  Ihc  siiinll  liMj^niU'iil  IVoni 
llu'  mollur  ciilliiic.  imollicr  lcclini(|iii-  \v;is  (Icxiscd. 


Fig.  33. 

A  photograph  of  the  culture  illustrated  diagramaticaliy  in  Fig.  32. 

From  The  Journ.  of  Exp.  Med.   1923,  XXXVlll,  671. 


A  culliirc  was  pormillcd  lo  grow  lor  al)oiil  20  liours,  and 
then  the  cover-glass  was  unsealed  and  an  incision  was  made 
in  the  periphery  of  the  new  growth  willi  an  ordinary  sliarp 
calaracl  knife,  in  order  lo  separate  from  (lie  mother  eullure 
a  piece  of  tissue  at  the  ])eripliery  whei'e  the  cells  wei'e  rallier 
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scattered  The  cover-glass  was  replaced  on  the  slide,  it  was 
scaled  with  paraffin,  nnd  an  outline  drawing  was  made  of 
the  tissue  of  the  l)ig  i)iece  as  well  of  as  tlie  small  one. 
The  culture  was  returned  to  the  incubator  for  another  30 
hours;  at  the  end  of  the  second  incubation  a  new  drawing 
was  made  and  the  area  measured.  It  was  observed  that  the 
mother  culture  had  greatly  increased  in  size,  but  the  frag- 
ment, separated  from  it  by  means  of  the  wound  in  the  clot, 
consisted  of  scattered  cells  and  had  rathei"  decreased  in 
size.  (Fig.  32,  33.)  It  was  observed  that  a  peninsula  had 
grown  on  the  surface  of  the  cover-glass  from  the  central  part 
of  the  main  tissue,  but  that  the  separated  small  piece  had 
not  increased  in  size,  much  less  encroached  on  the  open 
space. 

The  result  of  these  experiments  lead  to  the  opinion  that 
it  is  not  possible  for  one  single  isolated  .cell,  or  for  a  few 
isolated  cells,  to  multiply  in  culture  under  the  conditions  of 
experiment.  The  cells  will  live,  but  will  not  divide.  We  are 
apparently  not  dealing  with  the  growth  of  independent  cells 
in  the  tissue  culture,  but  with  a  partial  organism,  a  piece  of 
tissue,  obeying  the  laws  of  regeneration.  The  cells  seem  to 
be  closely  related,  but  their  condition  and  capacity  for 
growth  seem  to   depend  on  their  neighbouring  cells. 

In  the  discussion  of  these  questions  may  there  not  be 
other  explanations  why  multiplication  of  isolated  cells  does 
not  take  place  in  our  experiments  on  the  individualisation 
of  tissue  cells?  In  other  words  is  the  method  for  the  isolation 
of  living  tissue  cells,  above  indicated,  so  favourable  that  we 
can  assure  ourselves  that  the  cells  are  in  good-  condition 
after  transference? 

Some  features  which  perhaps  may  play  a  more  or  less  im- 
portant part  should  now  be  mentioned.  It  has  been  shown 
that  in  transferring  tissues  from  one  culture  to  another  it  is 
important  to  put  the  tissues  in  the  medium  so  that  the  cells 
are  in  close  contact  with  the  medium.  If  we  cut  into  a  piece 
of  tissue  in  such  a  way  that  a  bit  of  coagulated  plasma  from 
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tlu'  olil  c-iilliirc  medium  is  inlcrposcd  l)cl\\i'(ii  ;i  piiit  ol'  llic 
new  medium,  iu  umst  cjises  no  f^rowlli  is  produced  in  llial 
|);ii'l  W  lu'ii  ;i  |)iece  ol'  plasma  is  lell  allaehed  lo  liie  eulUire. 
i^i-owlli  lakes  place  al  llie  edjfes  lirsl.  wliei'i'  llie  cells  are 
directly  in  conlact  wilh  llie  new  medium.  This  may  he  due 
lo  Iwo  I'aclors;  lirslly,  llie  old  |)iece  oT  plasma  may  conlaiu 
so  many  (lecomposinj*  |)roducls  lell  o\t'r  From  llie  lirsl 
growlh,  Ihal  il  produces  unlavourahle  condilions  liom  Ihc 
very  beginninji;  and  secondly,  a  purely  mechanical  eirecl 
is  iiroduccd,  namely  a  shrinkaf*e  or  I'elraclion  ol'  llie  plasma 
clol  which  bel'ore  adhered  to  the  cover-glass,  and  which  after 
il  has  been  cut  shrinks  on  account  ol"  its  elasticity.  This 
shrinkage  changes  tlu'  structure  and  the  i-elalion  lietwecn 
the  fibrin  and  fluid  and  between  the  cells  and  fibrin  mesh- 
work.  These  facts  may  explain  why  no  growth  is  pi'csent 
under  the  condition  of  experiment.  —  By  making  an  incision 
in  llie  ex])anded  j)lasiiia  coagulum.  possibly  the  fibrillary 
slruclurt  is  clianged.  lietraction  may  lake  place  after  the 
incision  is  made.  It  was  observed  that  the  incision  created 
a  large  elliptical  woimd,  very  similai"  in  ap|)earance  to  cer- 
tain incisions  made  in  the  skin. 

We  do  not  know^  the  final  structure  of  the  fibrin  meshwork 
and  we  do  not  know  how  the  system  of  the  plasma  clot 
is  built  up  with  regard  lo  the  solid  and  licjuid  phases.  It 
might  be  possible,  however,  that  the  absence  of  growth  is 
due  to  the  mechanical  changes. 

To  return  now  to  the  experiments  wilh  isolated  cells,  it 
is  possible  that  the  vitality  of  the  cells  suffers  during  mani- 
pulation; but  all  signs  seem  to  indicate  perfect  vitality, 
since  a  lively  ameboid  movement  is  present  and  a  (juick 
transformation  from  a  round  cell-slia]ie  to  a  typical  spindle 
shaped  fibroblast  occurs.  There  is.  however,  a  possi])ility. 
that  a  single  cell  may  suffer  from  incai'ceration  in  the  dense' 
coagulum  and  il  may  be  unable  perhaps  to  produce  a  suf- 
ficient liquefaction  of  the  medium  in  its  immediate  sur- 
roundings. 
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11  is  esscnlinl  lo  discuss  ;ill  |)()ssil)lc  iiit'liu'iK-cs,  which 
may  cause  technical  cri'ors.  riicro  seems  any\va\  lo  he  cer- 
lain   huvs    which   liind   the   cells   together. 

In  ah  well-stained  jireparations  of  well-grown  cultures  of 
tissue  cells,  the  cells  ai'e  lound  lo  he  connected  with  each 
othei"    hy    protoplasmic    adherences   (Fig.    31    and    35      Unrlei" 


Fig.  34. 


low  magnification,  an  apparently  isolated  fihrohlasl  is  often 
found  at  a  great  distance  From  the  mother-cells,  hut  upon 
observing  it  with  high  magnification,  protoplasmatic  pro- 
cesses may  be  observed  directly  connecting  with  other  cells. 
Mitochondria  are  often  observed  in  these  connections,  l.  e- 
w  i  s)  •■^•^8)  and  when  a  gold  impregnation  is  made  use  of, 
beautiful    intercellular    connections    are    seen. 

U* 
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The  inlcrcc'lluhir  ril)rils  nu-nlioncd  above,  which  are  found 
in  the  tissue  eullures.  iire  i)erhaps  not  Die  same  as  the 
c(Uineclive  tissue  fibrils  found  in  the  living'  or<,'anisni.  The 
jailer  seem  to  lune  Iheii"  oi'ilfin  in  a  piu'ely  meclianical 
l)roeess,  which  Baitsell  '')  was  able  to  pi'odiice  in  a 
plasma  clot  without  the  presence  of  living  lissue.  On  the 
contrary,  the  intercellular  fibrils,  whieli  aie  found  l)elween 
Ihe   single    cells   in   tlic  cuiliu'e.   l)la\-   perhaps   a    \ital    role    in 
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Fig.  35. 


relation  to  the  condition  of  the  cell  itself.  They  are  not 
usualh'  found  in  dying  cultures.  An  indication  of  the  ap- 
proaching death  of  a  tissue  is  the  emigration  of  unusually 
large-sized  spherical  cells.  These  cells  when  closely  ob- 
served under  high  magnification  showed  no  protoplasmatic 
connection  between  them  and  even  with  the  greatest  care, 
recovery  is  ver}-  difficult  to  bring  about  after  this  stage 
has  been  reached.  There  is  no  doubt  whatever,  that  the 
protoplasmic  bridges  which  exist  between  the  tissue  celh 
in    vivo,    the    p  1  a  s  m  o  d  e  s  m  a.   play   a  vital   role,    and    they 
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are  found  to  l^e  very  strong  in  (issues  which  have  a  vilal 
significance. 

The  embr3'onic  tissue  juices  contain  substances  wliicli 
pj-omote  growtli  in  vitro  for  an  indefinite  lengtli  of  lime  "'^). 
Extracts  of  tissues  from  the  adult  organism  also  ]K)sscss 
growth-promoting  substances  but  not  of  the  same  grade  as 
the  embryonic  tissue  juices.  Carrel  5^)  has  shown  that 
certain  tissues  give  an  extract  with  greater  activating  power 
than  others.  Extracts  of  leucocytes  or  spleen  possess  nearly 
as  much  activating  substance  as  emljryonic  tissue  juice  ^8). 
The  mechanism  of  growth  and  multiplication  of  tissue  cells 
is  a  profound  and  complex  phenomenon.  Besides  the  growth- 
promoting  factors  found  in  the  tissue  juices,  there  may  pos- 
sibly be  something,  produced  in  the  body  of  the  living  cell 
or  certain  cells  only,  which  initiates  cell  division  and  is 
transported  directly  from  one  living  cell  to  another.  H  a- 
berlandt  -'^i)  212)  found  that  certain  cells  in  the  plant 
tissue,  the  leptom-cells,  liberate  substances,  which  initiate 
the  cell  division.  Also  Akamatsu')  showed  that  substances 
stimulating:,  the  cell  division  occurred  in  the  blood,  when 
a  wouna  is  made. 

The  cytotropic  character  of  tissue  cells  has  already  been 
noted  by  several  investigators.  Roux*^^)  was  the  first  to 
describe  it.  Recently  R  o  u  s  ^s")  has  noticed  the  striking  abil- 
ity of  isolated  tissue  cells  to  reunite.  He  never  saw  any 
division  or  multiplication  of  isolated  single  cells.  Also  B  u  r- 
r  o  w  s  ^1)  mentions  the  important  relation  of  cells  in  tissue 
cultures  to  each  other.  He  expresses  himself  as  follows:  •The 
tissue  culture  cannot  be  compared  in  detail  with  the  bac- 
terial culture.  The  tissue  cells  planted  in  plasma  do  not 
grow  al    the  expense  of  the  plasma.   Single  cells  may  show 

movement    in    this    medium,    but    they    do    not    grow    

Growth  takes  place  only  about  fragments  of  (issue The 

nutrient  material  for  the  growth  of  these  cells  comes  from 
the  cells  disintegrating  within  the  fragment."  That  the  nu- 
trient  material    for    the   growth   of   tissue   cells   comes   from 
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the  crlls  (lisinlcj^ralin<»  williiii  the  I'rn^mciil.  H  ii  i-rows  •'•")  •'*') 
^'^^i  '•';  has  rcccnlly  shown  Hy  cstahlisliiiiL;  an  acli\'c  currenl 
ill  tlu'  haiif^iiij*  drop  culture  of  Fixed  (issue  ci'lls.  I)y  wash- 
ing I'onlinuousiy  (lie  phisnia  eiol  wilii  a  sliH'am  ol'  sei'um. 
Iheso  slinudalin««  substances  Iroin  the  (lisinlcgi'atiiij*  cells 
arc  washed  away,  thi-  degencralion  of  llie  central  portion 
ol"  tlie  fragment  is  delayed  as  also  is  the  migration  and 
multi|)lication  of  tlie  cells.  On  the  contraiy  Iym|)h()i(l  cells 
from  the  spleen  under  the  same  conditions  migrate  entirely 
out  as  lymplioid  cells  and  the  whole  Fragment  oF  splei-n 
disappears.  In  the  simple  lianging  droj)  culture,  such  a 
complete  dissipalioji  of  tlie  cells  never  occurs  from  the 
spleen  Fragments.  Tlie  migration  of  these  cells  is  increased 
by  the  flowing  serum  The  stimulating  substances  accord- 
ing to  Burrows  are  properly  speaking  the  same  as  the 
growlh-])romoting  substances  in  the  embryonic  tissue  juice. 
Besides  these  stimulating  substances  Found  in  the  em- 
bryonic juice,  in  disintegrating  tissue  cells,  things  seem  to 
indicate,  that  there  is  something  in  the  mass  of  tissue, 
which  controls  the  growth  and  proliferation  of  the  cell 
individuals.  It  is  ol)served  here,  that  the  activating  substances 
in  the  embryonic  tissue  juice  are  not  the  only  factor  neces- 
sary for  the  growth  and  multiplication  of  the  isolated  tissue 
cell.  This  stimulus  which  initiates  the  cell  (li\ision.  is  prob- 
ably not  of  environmental  nature,  but  is  produced  within 
the  cytoplasm  of  the  cells  and  Iransjiorted  within  the  cyto- 
plasm directly  from  cell  to  cell.  If  this  is  true,  and  if  the 
proliferation  of  the  cell  is  controlled  by  the  i)ulk  of  tissue, 
we  would  expect  to  find  a  Kind  of  rhythmic  setting  in 
of  cell  divisions  in  a  i)iece  of  growing  tissue  in  vitro. 

^Vhat  I  am  trying  to  discovei-  in  this  study  of  tissue  cul- 
ture, is  whether  w c  ai'e  dealing  with  more  or  less  indc- 
pendant  cells  or  with  a  piece  of  tissue  obeying  the  laws 
of  regeneration,  i.  e.  colonies  oF  cells,  in  direct  dependance 
u|)on  one  anothei".  as  is  the  case  in  organisms. 
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A  favourable  mclhod  for  isolalin^f  tissue  cells  and  laler 
embedding  Ihern  in  a  suitable  fixed  medium,  has  been  worked 
out,  and  slill  it  has  not  l)een  i)ossible  lo  observe  cell  division 
when  the  cells  were  isolated.  Multiplication  look 
place  only  in  those  cases  where  several  i  n- 
d  i  V 1 d  u  a  1 s  were  in  close  contact  w  i  t  h  e  a  c  h 
other. 

A  furthei  slufly  has  also  i)een  undertaken  to  determine 
the  vitality  and  ability  to  proliferation  of  the  different  parts 
of  the  tissue  cultures.  It  was  ascertained  that  when  these 
parts  contain  few  or  scattered  cells,  no  growth  took  place, 
but  when  the  parts  contained  cells  in  close  contact  with  one 
another,  growth  took  place  after  the  parts  had  been  trans- 
ferred into  a  new'  medium.  The  healthy  condition  and  the 
signs  of  permanent  life  in  these  isolated  cells,  seem  to 
point  to  the  urgent  necessity  for  direct  contact  in  pro- 
ducing multiplication.  However,  other  explanations  of  this 
phenomenon  have  been  discussed.  The  direct  protoplasmic 
connections,  which  are  always  found  in  the  well-growai  cul- 
tures, and  the  cytotropic  character  of  the  tissue  cells, 
speaks  directly  in  favour  of  the  assumption,  that  the  cells 
are   individually   dependant    on   one   another. 

In  order  to  go  deeper  into  the  problem  and  endeavour 
to  prove  the  suggestion,  that  divisions  of  cells  take  place 
only  when  several  tissue  cells  are  present  and  in  good  proto- 
plasmic contact,  it  was  imjiortant  to  know  a  little  about  the 
number  and  ])ercentage  of  cells  undergoing  divisions  at  a 
given  moment  in  vitro,  and  to  locate  these  dividing  cells 
in  relation  to  cells  which  have  divided  previously. 

To  attack  the  problem  different  methods  were  devised. 
Some  preliminary  experiments  were  undertaken.  Several 
times  I  have  been  struck  by  the  fact,  that  some  specimen 
of  cultures  contained  many  mitotic  figures  and  at  other 
times  specimens  were  found  to  contain  very  few,  or  at 
least  it  was  difficult  to  find  any.  I  have  noticed  great  dif- 
ference in  the  numbers  of  mitosis  in  cultures  of  fibroblasts 
as  well   as  in  cultures  of  epithelium   and  cartilage. 
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Till'  cullurps  used  in  all  the  oxporinients  were  derived 
from  a  *.•  inonllis  old  strain  of  chicken  fihi-ohlasls.  The  strain 
was  isolali'd  and  culli\  alcil  in  llu-  I  n  s  I  i  I  n  I  c  of  <  1  c  ii  c  r  a  1 
Palholo^N     of    llu-    l'nivcrsit>     of    ('.  o  p  c  n  h  a  <f  c  n. 

The  preliminary  experiments  were  briefly  made  in  the 
following  way.  Single,  good  cultures  of  fibroblasts  were  cut 
into  [—(•  pieces  of  equal  size  and  each  of  the  pieces  kept 
as  individual  cultures  under  identical  conditions  for  21  hours. 
^^'ith  various  intervals  (from  half  an  hour  to  four  hours; 
two  cultures,  derived  from  the  same  culture,  wei'e  fixed 
and  stained  simultaneously.  Two  cultures  were  fixed  simul- 
taneously to  let  them  control  one  another.  —  In  these 
stained  specimen,  the  cells  in  any  stages  of  division  were 
counted  in  the  line  of  peripher3%  and  after  that  all  the 
tissue  cells  in  the  line  of  periphery  and  the  percentage  of 
cells  in  a  stage  of  division  w'ere  figured  out.  The  line  of 
periphery  of  the  growing  piece  of  tissue  is  a  rather  definite 
thing.  As  peripherial  cells  only  those  were  considered  w^hich 
were  outermost,  i.  e.  cells  with  the  one  end  in  contact  with 
another  cell  and  the  other  end   free. 

The  few  experiments  of  this  kind  gave  only  a  weak  con- 
firmation of  the  earlier  observations  which  should  indicate 
that  the  percentage  of  dividing  cells  differ  from  time  to 
time.  The  two  cultures  taken  out  and  fixed  simultaneously 
proved  to  have  a  jiercentage  of  dividing  cells  very  much 
alike   within    the    accuracy   of   tiie    e\j)eriments. 

The  result  of  one  of  these  jjreliminarv  experiments  can 
be  seen  in  the  table  12.  The  average  percentage  of  mitotic 
cell  divisions  going  on  at  a  given  moment  undei'  the  ex])eri- 
mental  conditions  was  found  to  be  about  2  per  cent.  The 
figures  for  the  percentage  of  the  two  or  three  cultures  fixed 
at  the  same  moment  are  not  so  absolutely  bad.  The  ex- 
periments gave  only  a  rather  weak  indication  that  there, 
at  a  certain  moment,  are  many  cells  dividing  and  at  other 
times  relatively  few. 
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In  order  lo  get  a  better  technique  and  more  accurate 
information  as  lo  the  function  of  such  rhytmical  cell 
division,  another  method  was  appHed.  Series  of  photomi- 
crographs were  taken  of  parts  of  the  peripherial  line  of 
growing  fibroblasts   in  the  culture. 

Table  12. 
Experiment   No.  460  and  461. 


No 


Total  number 

of  mitosis 
in  peripliery. 


Total  number 

of  cells 
in  periphery. 


Percent  of 
mitosis. 


460—1 
460—2 
460—3 
460—4 
460—5 
460—6 

461—2 
461—3 
461-4 


8 
8 
6 
9 
14 
9 

3 
2 

4 


240 

3,3 

322 

2,5 

283 

2,1 

380 

2,3 

386 

3,6 

338 

2,6 

Ave 

rage :   2,7 

157 

1,9 

268 

0,8 

344 

1,2 

Average:       1,3 


Ttiis  table  shows  the  total  number  of  mitotic  figures  found  in 
cultures  of  fibroblasts,  fixed  and  stained.  The  mitotic  figures 
among  the  cells  representing  the  total  line  of  periphery  of  tlie 
culture  can  be  seen.  Cultures  Nos.  460—1—2 — 3—4 — 5  and  6  are. 
made  from  one  culture.  The  cultures  Nos.  461—2—3 — 4  are  also 
made    from    one    culture. 

Nos.  460—1  and  460—2  were  taken  out  from  the  incubator 
at  the  same  lime  and  fixed  immediately.  Half  an  hour  later  Nos. 
460—3  and  460 — 1  were  taken  out  and  fixed.  In  another  half 
hour  Nos.  460  5  and  460—6  were  taken  out  and  fixed.  An  liotir 
later    Nos.    461—2,    461—3   and   461 — 1   were   fixed. 


The  technique  was  simply  this.  A  culture  of  fibroblasts 
was  incubated  for  about  24  hours  and  thereafter  placed 
under  the  microscope,  kept  at  a  temperature  of  39°  C.  The 
size  of   the   photographs  was   4,5  by  6  cm.   and  were  taken 
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Table  13. 
Experiment  No.  688. 


Number  of  cells 

Number  of 

Percentage 

Plate  No. 

Time 

in  division 

cells  in 

of  cells 

in  periphery. 

periphery. 

in  division. 

1 

10,32 

2 

26 

7,7 

2 

10,42 

Spoiled 

3 

10,52 

1 

"27 

■■■3,7"" 

4 

11,02 

0 

25 

0,0 

5 

11,12 

0 

25 

0,0 

6 

11,22 

1 

28 

3,6 

7 

11,32 

1 

31 

3,2 

8 

11,42 

1 

32 

3,1 

9 

11,52 

0 

35 

0,0 

10 

12.02 

1 

35 

2,9 

11 

12,12 

3 

35 

8,6 

12 

12,22 

0 

35 

0,0 

13 

12,47 

1 

34 

2,9 

14 

12,57 

0 

35 

Average 

0,0 
:       2,5 

Table  U. 

Experiment  No.  Journ 

.  109. 

Number  of  cells 

Number  of 

Percentage 

Plate  No. 

Time 

in  division 

cells  in 

of  cells 

in  periphery. 

periphery. 

in  division. 

1 

1,50 

0 

38 

0,0 

2 

2,00 

0 

41 

0,0 

3 

2,10 

0 

42 

0,0 

4 

2,20 

0 

39 

0,0 

5 

2,30 

0 

39 

0,0 

6 

2,40 
2,50 

Spoiled 

7 

0 

39 

"""06' 

8 

3,00 

0 

39 

0,0 

9 

3,10 

0 

40 

0,0 

10 

3,20 

1 

38 

2,6 

11 

3,30 

0 

40 

0,0 

12 

3,40 

3 

38 

7,8 

13 

3,50 

0 

39 

0,0 

14 

4,00 

0 

37 

0,0 

15 

4,10 

1 

38 

2,6 

16 

4,20 

0 

40 

0,0 

17 

4,30 

0 

40 

0,0 

18 

4,40 

1 

40 

2,5 

19 

4,50 

0 

40 

0,0 

20 

5,00 

0 

Avera^ 

41 

0,0 

je :     39       Average :    0,8 
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Table  15. 
Experiment  No.  Journ.   110  a  (Culture  No.  1820     2). 


Number  of  cells 

Total  number 

Percentage 

Plate  No. 

Time 

in  division 

of  cells 

of  cells 

in  periphery. 

in 

periphery. 

in  division. 

1 

1,30 

0 

35 

0,0 

2 

1.40 

Spoiled 

3 

1,50 

0 

36 

0,0 

4 

2,00 

0 

34 

0,0 

5 

2,10 

0 

33 

0,0 

6 

2,20 

0 

34 

0,0 

7 

2.30 

0 

32 

0,0 

8 

2,40 

3 

34 

8,8 

9 

2,50 

0 

32 

0,0 

10 

3,00 

0 

34 

0,0 

11 

3,10 

0 

32 

0,0 

12 

3,20 

0 

33 

0,0 

13 

3,30 

0 

32 

0,0 

14 

3,40 

1 

35 

2,8 

15 

3,50 

0 

33 

0,0 

16 

4,00 

0 

33 

0,0 

17 

4,10 

0 

33 

0,0 

18 

4,20 

0 

33 

0,0 

i^erage 

33 

0,7 

with  the  Zeiss  phokii  apparatus.  Every  ten  minutes  an  ex- 
posure was  made.  Hauffs  -Flavin  plate"  was  used.  The 
time    of    exposure    was    about   20—30   seconds. 

It  was  observed  several  times  before,  that  the  process 
of  mitotic  cell  division  lasted  12  minutes  in  the  line  of 
periphery  at  a  temperature  of  39 '  C,  therefore  the  ten  mi- 
nutes interval  between  exposures  was  employed,  in  order 
to  get  all  the  cells  in  the  division  on  the  plates.  After 
having  made  the  negatives,  the  examination  of  the  material 
was  commenced.  On  the  negatives  or  prints  the  peripheral 
cells  were  systematically  examined,  i.  e.  every  single  ])eri- 
pheril  cell  was  carefully  studied  and  followed  from  negative 
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Table 

Id 

Experiment  No. 

Journ. 

111b. 

Niim 

ber  of  ce 

Is 

Number  on 

F^ercentage 

Plalo  No. 

Time 

in 

division 

cells  in 

of  cells 

in 

periplicn 

periphery. 

in  division. 

1 

l.OO 

1 

34 

2,9 

2 

1,10 

0 

36 

0,0 

3 

1,20 

0 

34 

0.0 

4 

1,30 

0 

36 

00 

5 

1,40 

0 

37 

0,0 

6 

1,50 

0 

39 

0,0 

7 

2,00 

0 

39 

0,0 

8 

2,10 

0 

35 

0,0 

9 

2,20 

0 

38 

0,0 

10 

2,30 

1 

36 

2,7 

11 

2,40 

1 

37 

2,7 

12 

2,50 

1 

34 

2,9 

13 

3,00 

0 

33 

0,0 

14 

3,10 

2 

36 

5,5 

15 

3,20 

1 

33 

3,0 

16 

3,30 

0 

32 

0,0 

17 

3,40 

0 

31 

0,0 

18 

3,50 

0 

35 

0,0 

19 

4,00 

1 

33 

3,0 

20 

4,10 

0 

Avera 

36 

0,0 

ge:     35,2 

1,1 

to  negative  Ihroughoul  the  entire  series  of  exposures,  lo  see 
If  it  should  divide  somewhere.  The  cell  divisions  could 
always  be  controlled  by  the  negatives  in  succession.  The 
dividing  cells  were  always  checked  at  the  earliest  stage  so 
as  to  get  the  time  for  the  division  for  the  comparison. 
After  a  little  practice  it  was  so  easy  to  distinguish  diWding 
cells,  thai  it  could  almost  be  foreseen  when  a  cell  was  going 
to  divide   at  the  very  next  moment. 

This  method  gave  a  much  better  and  truer  i)icture  of 
the  phenomenon.  The  only  disadvantage  was,  that  we  were 
not   dealing   with    as    many   cells    in    the    mieroseopieal    field 
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Table  11. 
Experiment  No.  Jour.   112a  (Culture  No.   1928-2). 


Number  of  eel 

Is 

Total  number 

Percentage 

Plate  No. 

Time 

in.  division 

of  cells 

of  cells  in 

in  periphery. 

in 

periphery. 

division. 

1 

11,00 

2 

39 

5,1 

2 

11,10 

1 

40 

2,5 

3 

11,20 

0 

42 

0,0 

4 

11,30 

0 

39 

0,0 

5 

11,40 

1 

41 

2.4 

6 

11,50 

0 

43 

0,0 

7 

12,00 

0 

40 

0,0 

8 

12,10 

0 

41 

0,0 

9 

12,20 

'0 

39 

0,0 

10 

12,30 

0 

40 

0,0 

11 

12,40 

1 

42 

2,3 

12 

12,50 

0 

44 

0,0 

13 

1,00 

4 

44 

9,0 

14 

1,10 

2 

42 

4.7 

15 

1,20 

0 

41 

0,0 

16 

1,30 

0 

40 

0,0 

17 

1.40 

0 

42 

0,0 

18 

1,50 

0 

41 

0,0 

19 

2,00 

0 

42 

0,0 

20 

2,10 

0 

42 

0,0 

21 

2,20 

0 

44 

0,0 

22 

2,30 

0 

40 

0,0 

23 

2,40 

0 

42 

0,0 

24 

2,50 

0 

43 

0,0 

25 

3,00 

1 

42 

2.3 

26 

3,10 

2 

45 

4,4 

27 

3,20 

0 

41 

0,0 

28 

3,30 

1 

41 

2,4 

29 

3,40 

0 

42 

0,0 

30 

3,50 

0 

40 

0,0 

31 

4,00 

1 

Ave 

42 

2,3 

?rage 

:     41 

1,2 

Explanation  to  the  text  figs.  36,  31,  38  and  39. 
In  all  the  figures  the  ordinates  represent  the  percentage  of 
peripherial  fibroblasts  in  state  of  division.  The  percentage  is 
figured  out  from  the  number  of  peripherial  cells  observed  on 
the  corresponding  negative.  The  abscissae  represent  in  time  the 
interval  of  10  minutes. 


x: 
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as  by  [hv  lornic'r  mclliod.  in  which  we  wvw  al)li'  lo  oversee 
Ihe  tolal  line  of  jx'i'iphery ;  Ihe  Iwo  nielhods  conlrol  one 
anolher   in    a  xcry   salisi'aclory   manner. 

The  iH'suits  ol"  these  experiments,  as  i(  ran  he  seen  on 
lahles  i;i.  11.  If),  IC)  and  17  and  Ihe  (hajfj-ams  I-"i,«4s  M).  'M. 
;i8  and  31)   are.   thai   periods  of   high    percentage   of  cells    in 


0       f       2     3      t     5      (      ''     I      f     ^0    fi    1!     13    iiJ    ii    'S     rt    It     19    to    ti    22    t>    t*    U    tl    r>    U    If    30 
Ze>f   ► 

Fig.   3b. 

stages  of  division  are  followed  hy  periods  of  low  pei'cenlage 
or  none  The  figiu'cs  ol)laine(i  by  this  method  can  of  course 
not  be  taken  too  literally  on  account  of  the  ralhei-  I'ough 
method,    but    it    is    interesting    lo    follow    the    ui'eat    clKinues 


S     9     10   "n    n  13    1V   15    16  n    IS    19 


Fig.  37. 


from  lime  lo  time.  It  was  always  obserxcd.  that  long 
|)eriods  with,  few  or  no  dividing  cells  are  followed  b\- 
periods  with  many  dividing  cells.  In  the  fig.  30  it  can  bo 
seen  very  strikingly,  that  before  and  after  a  big  rise  in 
the  percentage  of  dividing  cells,  there  is  a  i-alher  long  |)e- 
riod  of  latency. 
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The  resulls  of  those  experimenls  speak  also  very  much 
in  favour  of  (he  assiini])tion  thai  rhythmic  imj)uises  of  some 
kind  are  ])assing  Ihrouiih  the  refrencratiii^^  piece  of  tissue 
in    vitro    and    tliat    [hvrv    exists    an    iiilei'dependancy    of    the 
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10  11   12  y  IV 


Fig.  38. 


cell  individuals  on  each  other.  In  other  words  the  explanled 

tissue  seems  to  obey  the  laws  of  the  physiological  integrity. 

If   the    entire    material   from    the    series    of    exposures    is 

collected,  the  total  number  of  cases  examined  are  100  fTable 


pi 


»     2 
Zeit 


9     10     11    12    13    n     15    If    If 


Fig.   39. 


18).  The  photographs  show^  an  average  of  37  peripnerial 
cells  in  the  field.  In  table  18  the  frequency  of  mitotic  cell 
divisions  on  an  average  of  37  cells  can  be  seen.  The  result 
of  these  figures  is,  that  an  a  v  e  r  a  g  e  of  2  o/o  of  the  cells  are 
in  mitotic  division  at   a  given  moment. 


17(i 


7 

(ihle 

IS. 

Number  of 

mitotic 

figures  in  the 

F 

requency  in 

periphery 
average  of 

of  an 
37  cells. 

per  ct. 

0 

64 

1 

19 

2 

6 

3 

6 

4 

4 

5 

0 

6 

1 

Total : 

100 

This  corresponds  very  well  willi  the  I'esiills  obtained 
by  counting  the  mitotic  figures  in  the  total  line  ol'  periphery 
in  the  stained  cultures  by  the  first   method. 

If  T  is  the  average  time  between  two  succeeding  divi- 
sions of  the  same  cell;  and  N  is  the  total  number  of  cells 
observed,   we   get    the   following   ex]3ression    for   the   number 

(IX 
of  cells    -jr   which   are    dividing   in   a  unit   of  time: 

^  =  In 

dt  T 

If  the  time-unit,  for  the  sake  of  simj)licity.  is  set  equal 
to  12  minutes,  i.  e.  equal  to  the  time  the  process  of  mitotic 
division  on  an  average  lakes,  the  expression  can  be 
changed  to: 

n    _    1 
N    "   T 

where  n   is    the   number  of   mitosis    in    a  given    moment.  ,As 

n 
mentioned    befoi'e   ^    ''^    equal    to    2  o/o  ;   the    ecpialion    will 

then  be: 

T   =    — J-—    X    12   minutes   —--    10   hours. 
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There  is  on  an  avei'age,  10  hours  l)el\veen  Iwo  succeed- 
ing divisions  of  the  same  cell;  in  other  words,  under 
Lhe  experimental  conditions  and  under  the  conditions  ol' 
growth  in  the  periphery  of  a  culture,  a  given  numher  of 
cells  will  be  doubled  after  10  houi's.  If  the  cells  were  grow- 
ing in  a  single  layer,  conseciuenlly  the  area  of  the  culture 
would  have  increased  to  its  double  size  after  10  hours. 
Approximately,  it  is  the  same  order  of  magnitude  which  is 
obtained  by  the  planimetric  measurements  of  cultures  by 
Carrel  and   E  b  e  1  i  n  g. 

These  experiments  have  brought  out  one  main  fact, 
namelj',  that  the  cell  divisions  in  a  given  piece  of  growing 
tissue  in  vitro,  an  old  strain  of  fibroblasts,  seem  to  proceed 
periodically  and  exhibit  a  form  of  rhythm.  It  was  observed, 
under  the  conditions  of  experiment,  in  a  regularly  growing 
piece  of  tissue  in  vitro,  that  a  high  percentage  of  cells 
divide  within  a  comparatively  short  time  and  that  there, 
as  well  before  as  also  after,  is  relatively  a  long  period  of  la- 
tency. 

It  is  conceivable  to  explain  the  phenomenon  as  the  result 
of  a  controlled  action  from  several  of  the  neighbouring 
cells  with  which  the  cells,  about  to  divide,  are  in  direct  con- 
tact. The  rhythmic  setting  in  of  a  large  number  of  cell 
divisions  should  according  to  this  denote  that  the  same 
impulse  or  principle  induces  numerous  cell  divisions  in  the 
explanted    tissue    simultaneously. 

The  phenomenon  cannot  be  explained  as  the  result  of 
environmental  conditions,  because  it  was  found,  that  single 
cells,  which  possessed  all  the  very  best  conditions  for  life 
and  multiplication,  plasma  and  embryonic  tissue  juice,  were 
never  found  to  divide  unless  in  good  contact  with  several 
other  cells.  These  experiments  seem  furthermore  to  indicate, 
that  the  growing  tissue  cells  in  vitro,  are  under  the  control  of 
the  neighbouring  cells;  we  are,  in  other  words,  dealing  with 
a  partial    organism  and  not  of  independant   cell    individuals. 

12 
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11  is  wt'U  known,  tluit  Ihc  nunibci'  of  mitosis  j^oin<f  on 
williin  llu'  orj^nnisni  in  cci'taiii  oi<4ans  or  lissucs.  :il  ccrlain 
piTiods  oT  (i(\('lo|)incnl,  is  ccMislanl.  It  would  llu  rd'oi-c  ])v 
more  inuisiial  and  unc-xpccled  if  the  lissuo  cells  bcliavecl 
differently  in  vitro,  (i  ii  r  w  i  I  s  e  h  -")  -■"')  found  an  absolute 
synchronieity  loi'  the  division  of  cells  in  organism,  in  certain 
synzylia. 

I'^)r  ])lanl  tissue  G.  Haberlandl  -^';  -*-)  has  observed 
similar  phenomenons  as  we  have  described  here.  By  culti- 
vation of  |)lant  tissue  cells  in  xitro.  he  obserxcd.  that  single, 
isolated  ])lanl  cells  were  not  able  to  divide,  and  they  showed 
an  absolute  tendency  for  reunition  in  vitro.  These  cells  were 
found  lo  divide  only,  when  they  were  in  contact  with,  and 
under  the  influence  of  certain  other  plant  tissue  elements, 
the  le])tom  cells.  In  the  oi)ini()n  of  Haberlandl,  the  cell 
division  of  i)lant  tissue  cells  should  de|)end  upon  the  so- 
called  'wound-hormons"  liberated  from  the  leplom  cells  in 
combination  with  the  lesion.  Perhaps  the  leptom  cells  play 
the  same  role  for  the  plants  as  do  the  leucocytes  for  animal 
organisms.  Carrel  ^^)  found,  that  the  leucocytic  secretions 
contained  very  active  gi'owth-promoting  substances.  Recently 
Akamatsu  ')  showed,  that  after  having  made  a  wound, 
the  plasma  from  the  wounded  animal  possesses  considerably 
more  growth-promoting  substances  than  before  the  wound 
was  made. 

The  preliminary  experiments  undertaken  here,  attempting 
to  show  that  there  exists  a  kind  of  periodical  setting  in  of 
cell  divisions  in  the  tissue  in  vitro,  must  of  course  be  taken 
with  all  possible  reservation.  It  would  be  rather  queer 
it  this  should  not  be  the  case  in  the  explaiited  tissue 
as  it  seems  to  be  proved  with  regard  to  the  tissue  in 
vivo,  Regaud,  Stalfeldt  4«'),  Gurwitz  237)  _  The  fi- 
gures in  the  experiments  must  not  be  taken  too  literally; 
the  errors  are  of  course  rather  gi'oss.  It  has  been  extremely 
difficult  to  find  a  suitable  technique  for  tlie  elucidation  of 
Ihis    problem.     At    the    present    time    I    have    determined    to 


179 

publish  the  results  obtained  so  far,  because  it  is  anyhow 
possible  lo  conclude,  I  believe,  that  such  a  rhylhmic  process 
of  cell  divisions  is  going  on  in  the  explanted  tissue  too.  In 
lack  of  belter  methods  al  llie  present  lime,  1  feel  Ihat  the 
experiments  have  some  \alue.  As  soon  as  I  am  able  to  work 
out  a  better  lechnique,  liie  experiments  will  again  be  taken 
up.  Micro-cinematographs  will  probably  be  the  technique 
for    this    investigation. 

A  series  of  experiments  have  been  undertaken  in  order 
lo  demonstrate  the  imporlanl  role  plaj^ed  by  the  protoplas- 
mic bridges  connecling  the  individual  tissue  cells  in  vivo 
as  well  as  in  vitro.  For  this  purpose  I  have  devised  a  new 
technique  to  discover  if  these  protoplasmic  bridges  between 
Ihe  cells  are  the  itinerai'ies  for  impulses  or  stimuli,  other 
than  those  described  above,  for  the  cell  multiplication.  My 
intention  was  to  devise  an  experiment  which  easily  could 
be  repealed  by  other  investigators  and  clearly  would  de- 
monstrate the  significance  of  the  protoplasmic  connections 
between  the  cells.  Quite  lately  it  was  claimed  by  Charles 
F.  d  c  G  a  r  i  s  --o)  that  the  cellular  connections  in  vivo  as 
well  as  in  vilro  were  only  appai^ent.  He  never  observed 
any  true  connection  between  the  cells;  he  never  found  any 
transport  of  cj'toplasmic  granules  or  vacuoles  from  one  cell 
to  another.  This  is  of  no  importance.  It  is  not  necessary 
that  the  exchange  of  substances  should  be  visible  for  micro- 
scopic observation.  It  is  a  general  fact,  anjdiow,  thai  the 
contact  between  various  nerve  fibres  plays  a  role  for  the 
conduction  of  nervous  currents. 

It  was  therefore  attempted  to  obtain  a  synchronous  or 
simultaneous  contraction  of  two  separate  fragments  of  hearl 
in  vilro,  to  demonstrate  whether  a  cellular  contact  between 
the  fragments  could  be  reestablished.  There  was  every 
reason  to  believe,  that  if  anastomosis  between  the  con- 
tractile elements  of  two  pieces  of  heart  could  be  established, 
a  simultaneous  contraction  of  the  two  fragments  would 
result.  12* 
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Thf  Iragiiunls  ol"  heart  wcrt*  oblaiiu'd  Iroin  chicken  em- 
bryos aboul  M  to  10  tlays  ohi.  In  some  cx|)(i-imcnls  Ihc  Irag- 
menls  belonged  to  dillerenl  embryos  and  in  some  tliey  were 
derived  trom  llie  sanu'  hearl.  whilst  in  oilier  experinienls 
two  traj*menls  derived  ti'om  the  same  hearl  and  Iheir  cut 
edgt's  brought  into  close  proximily.  This  was  done  in 
Ihe  lollowing  way.  A  relatively  large  ti-agment  of  heart  was 
placed  in  llie  cuilnre  medium,  and  while  the  cullure  medium 
was  in  Ihe  licpiid  slate,  the  IVagmenl  was  divided  by  a 
clean  cut  and  kept  together  by  means  of  a  needle  and  the 
point  ot  the  cataract  knile  until  coagulation  of  the  cullure 
medium  look  place.  I'sually  three  fragments  of  heart  were 
placed  in  one  culture,  two  adjacent  each  other  and  one 
separate  which   served   as  a  control. 

Soon  after  the  cultures  were  prepared,  the  contractions 
of  the  respective  heart  fragments  were  checked,  l^'or  each 
of  the  three  fragments,  the  intervals  of  time  between  two 
contractions  were  measured  by  means  of  a  stop-watch.  After 
12  honis  incubalion  the  cultures  were  again  examined  and 
the  contractions  checked,  12  hours  later  the  same  thing  was 
repeated  and  so  on. 

When  several  fragments  of  lieart  tissue  wei'e  embedded 
in  the  same  culture  medium,  not  two  of  them  pulsated  in 
the  same  way.  The  individual  fragments  were  able  to  pulsate 
exactly  in  the  same  waj'  for  long  periods  of  time,  when 
everything  else  was  constant.  In  the  experiments  wliere  the 
distance  between  tlie  two  adjacent  fragments  was  about  one 
mm.,  the  zone  between  the  fragments  were  filled  up  witli 
the  outgrowth  of  filjrolilasts  from  the  pieces.  In  a  few  ex- 
periments of  this  kind,  it  was  observed  tliat  the  individual 
contraction  of  the  two  adjacent  fragments  was  not  regular 
any  longer,  after  the  fibroblasts  had  intermingled  in  the  zone 
between  the  fragments,  (table  19).  Befoi'e,  the  contractions 
were  very  regular,  i.  e.  tlie  intermission  was  the  same  foi' 
the  same  fragment  for  a  long  period  of  time.  l)ul  after  the 
outgrowth  of  fibroblasts  had  uniled.  the  contractions  became 
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aihvlhmic  (tabic  19).  Lonjf  inlcnnissioiis  wcmh'  foUowod 
l)y  i)cri(jcls  with  fibrillary  conlraclions.  In  Iho  mcaiUime  Iho 
isolated,  single  trasTmonl  of  hcarl  had  |)iilsalod  with  a  rather 
c'onslanl  inteniiission  all  Ihc  lime.  The  cultures  were  un- 
sealed quickly  and  by  means  of  a  shar])  cataract  knife,  the 
(wo  fi-ai>inents  were  separated  in  (he  zone  of  lU'w  growth, 
ihe  culture  was  sealed  again  and  observed  under  the 
microscope.  The  whole  procedure  look  no  more  tlian  one 
minute.  From  this  time  on,  Ihe  Iwo  fragments  pulsated 
regularly,  i.  e.  the  intermission  were  constant  for  the  same 
fragment,  (table  19). 

Table   19. 
Culture  2013. 


rp.        ,    ,  .  Tune  between  two  con- 

nme  between  two  con-    ,      ,•  r  ,  ^-      „♦ 

,      ,.  f         til  tractions  oi  two  adjacent 

tractions  of  control.  *       „     + 

fragments. 


Time  between  two  con- 
tractions of  the  other. 


Before  the  two  became  connected. 


sec. 

sec. 

2.0 

1.6 

2.0 

1.6 

2.0 

1.6 

2.0 

1.4 

2.0 

1.6 

After  the  connection. 

sec 

3.0 

3.0 

1.5 

2.0 

1.2 

1.0 

3.0 

3.0 

2.0 

2.5 

20.0 

0.8 

3.0 

3.0 

2.0 

2.0 

1.0 

0.6 

3.0 

3.0 

2.0 

1.8 

0.8 

0.8 

3.4 

3.0 

2.1 

1.5 

1.0 

0.8 

3.0 

3.0 

1.5 

2.0 

350 

1.0 

3.0 

3.0 

1.5 

2.0 

1.0 

0.6 

3.0 

3.0 

1.5 

1.5 

0.8 

0.4 

3.0 

3.4 

1.5 

1.5 

0.6 

06 

3.0 

3.0 

1.5 

1.8 

1.0 

0.8 

3.0 

3.0 

1.8 

1.8 

0.8 

0.4 

1.5 

1.5 

18.0 

0.4 

1.8 

1.0 

1.0 
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T-       u  ,  I  Time    between   two  con-    x-        u  .  « 

Tune  between  two  con-    fractions  of  two  adjacent    ^'"^^  betweeen  two  con- 


tractions  of  control. 


fragments. 


tractions  of  the  other. 


After 

separation. 

5.0 

5.0 

8.0 

8.0 

5.0 

5.0 

8.0 

8.0 

5.0 

5.0 

8.0 

8.0 

5.0 

5.0 

8.0 

7.0 

5.0 

5.0 

7.0 

7.0 

5.0 

5.0 

7.0 

7.0 

5.0 

5.0 

7.0 

7.0 

5.0 

5.0 

7.0 

7.0 

5.0 

5.0 

7.0 

7.0 

5.0 

5.0 

7.0 

7.0 

5.0 

5.0 

8.0 

7.0 

5.0 

5.0 

8.0 

8.0 

Greatest  difference  before  separation,  1.0 
Average  difference  before  separation,  0.2 


34.6 
5.9 


Greatest   difference    after   separation,  1.0 
Average  difference   after   separation,  0.0 


1.0 
0.1 


The  interpretation  of  this  phenomenon  is  rather  dilficuU. 
The  irrigularity  of  the  contraction  after  the  new  growlli 
of  the  two  fragments  had  intermingled  could  possibly  be 
explained  as  a  mechanical  effect. 

In  other  experiments,  the  distances  between  the  two  frag- 
ments were  not  so  great.  The  result  was.  that  only  after 
18 — 72  hours  incubation,  the  two  fragmina  pulsated  as  one. 
The  space  between  the  two  fragments  could  after  48  hours 
incubation  scarcely  be  seen  and  a  perfect  simultaneous  pul- 
sation was  obtained.  A  tj'pe  of  such  an  experiment  can  be 
seen  in  table  20.  In  these  experiments  where  the  distances  be- 
tween the  two  adjacent  fragments  are  rather  great,  it  takes 
a  relatively  long  time  before  the  respective  pulsation  be- 
comes synchronous.  This  experiment  rej)resents  also  the 
group,  where  svnchronic  contraction  was  obtained  with  two 
fragments  of  heart  derived  from  two  different  chicken  em- 
bryos. 
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Table  W. 
Experiment  2040. 


Time 


Time  between   two   contractions 
of  one  of  two  adjacent  fragments. 


Time    between   two  contractions 
of  tiie  other. 


hrs. 

sec. 

sec. 

0 

1.6 

2.4 

0 

1.6 

2.4 

0 

1.6 

2.0 

0 

1.6 

2.0 

0 

1.8 

2.0 

0 

1.4 

2.0 

0 

1.4 

2.0 

0 

1.4 

2.0 

24 

1.2 

3.4 

24 

1.2 

3.6 

24 

1.4 

3.8 

24 

1.8 

4.0 

24 

3.0 

2.4 

24 

2.2 

2.2 

24 

4.6 

2.0 

24 

4.2 

1.6 

Interval  between  the  synchronous  contractions. 


48 

48 

3.0 

48 

3.2 

48 

3.0 

48 

3.4 

48 

3.6 

48 

4.2 

48 

26 

48 

3.0 

48 

3.0 

A  rather  high  percentage  af  success  in  obtaining  synchro- 
nous pulsation  of  two  fragments  of  heart,  was  observed,  when 
the  cut  edges  of  the  two  respective  fragments  were  brought 
close  to  each  other  and  still  more  so.  when  the  cut  edges 
belonged  to  one   another,  one  fragment  of  heart  being  thus 
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cul  in  two  in  Ihc  Jilicndy  pri'parrd  culliirc  modium  and 
kept  in  |)()sili()n  tlicrc  unlil  coa^ulalioii  look  place.  Hy  this 
iiu'lhod  a  simiilt;iiU()iis  pulsation  was  ali'cady  obtained  21 
iioiirs  alter. 

A  gt)od  many  experiments  wt-i'i'  made,  to  see  if  it  was 
possible  lo  obtain  a  simidtaneons  contraction  between  two 
fragments  of  lieai't,  liie  one  derixcd  from  a  duck  embryo 
and    tile    other    from    a    chicken    enil)r\()      I'he    helerolo^ons 


Fig.  40. 
Experiment  206b.   A   section  ttirough   the  line  of  contact  of  two  fragments 
of  cliich  embryo  lieart  wtiicli  had  pulsated  perfectly  simultaneously  in  vitro. 
The  contractile  elements   of   the  one  are  in  direct  contact  with  those  of  the 

other.  X  175. 
From  The  Journ.  of  Exp.  Med.,  1924,  XXXIX,  577. 

cultnre  medinm  for  the  duck  heart,  namely  chicken  plasma 
and  embryonic  chicken  juice,  had  no  influence  on  the  growth 
of  the  duck  fibroblasts.  It  has  been  possible  to  cultivate 
duck  fibroblasts  for  as  long  a  j)eriod  in  chicken  medium,  as 
3  months.  The  growth  of  the  fibroblasts  from  duck  was  jusl 
as  intensive  as  that  of  chicken  fibrol)lasts  -  and  it  is  pos- 
sible lo  say  now,  that  liu'  duck  fibroblasts  arc  able  to  grow 
indefinitely  in  the  chicken  plasma  and  embryonic  tissue 
juice  from   chickens.   Therefore  it   was  of  great   importance 
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lo  see  ir  such  tissues,  l)el()ni>iii,^  lo  (lilTei-eiil  species  and 
both  able  lo  grow  and  nuilliply  in  the  sanu'  cullure  medium, 
were  capable  of  uniliniv  in  a  physiological  and  iiislological 
inlegrily.  II  was  also  observed,  thai  fragments  of  duck  heart. 
were  able  to  pulsate  through  several  |)assages  in  the  chicken, 
culture  medium. 


V: 


.  ^♦'^  :^-  '^^^^"■^^- . 


'^aSi     '  ?! 


L^5>1 


\    \ 


Fig.  41. 
Experiment  2067.    A  section   through    the  line  of  contact  of   two  fragments 
of  chick  embryo    heart  which   failed   to    pulsate   simultaneously  in  vitro.    A 
layer   of  connective  tissue   can   be  seen  separating   the  contractile  elements. 

X   175. 
From  the  Journ.  of  Exp.  Med.,  1924,  XXXIX,  577. 


The  result  of  this  experiment  was,  that  it  proved  impos- 
sible to  obtain  any  physiological  unition  of  the  two  different 
fragments. 

Serial  sections  were  made  of  the  different  cultures  for 
histological  examination.  A  definite  histological  difference 
could  b(.  observed  in  the  zone  between  fragments,  which  had 
united  perfectly  and  pulsated  synchronously  as  one  piece, 
and  those  which  had  not,  (Fig.  41;.  In  the  line  of  contact 
of  the  fragments,  which  united  in  a  physiological  way,   the 
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coiilrnclilc  ilciiu'iils  Ironi  llic  one  fra/^nieiil  had  c'slal)Iislu'(l 
a  (liix'cl  |)r()l()])lasiiiic  conlacl  wilh  llic  conlractilc  clcim-iils 
of  [hv  ollu'i  Ira ;4i lit- lit.  whereas  in  Ihe  line  of  conlacl  i)clween 
Iwo  Iraj^mciils  wliicli  had  not  iiiiiU'd  |)li\  siologically,  a  de- 
linilc  layii  of  coniicclivc  lissiic  was  inlcrposcd,  (ViQ.  41). 
Two  IragiiU'ids  of  i)ulsatin<^  hcarl  Ironi  Ihc  same  species, 
cullivatod  in  vitro,  are  able  to  unite  and  pulsate  simullane- 
ously.  Tins  is  |)()ssil)le  lor  IVa^nienls  ol"  heart,  derived  from 
two  dillerent  individuals  helongiuj^  to  the  same  species, 
whei'ea-.  it  was  not  jiossihle  to  obtain  any  physiolojfical  uni- 
tion  between  a  heart  rra<4menl  Iroin  duck  embryo  and  a  heart, 
fragment  of  a  cliicken  embryo,  though  both  fragments  arc 
able  to  pulsate  and  live  unaffected  by  the  culture  medium. 
It  was  found  also  that  fil)roblasls  from  duck  were  able  to 
grow  and  multi])ly  indefinitely  in  the  heterologous  culture 
medium. 

It  is  an  interesting  phenomenon,  that  it  is  impossible 
for  two  fragments  of  heart,  belonging  to  different  species, 
to  unit(>  and  establish  a  physiological  integrity,  though  the 
cell  elements  of  the  one  species  are  able  to  live  and  multiply 
indefinitely  in  the  heterologous  medium.  The  culture  medium 
itself  does  not  seem  to  ])lay  any  role,  but  the  difference  and 
the  cause  to  the  uneslablished  unilion  lies  in  the  cells 
themselves.  The  cellular  contact  and  its  function,  is  an 
important  factor,  differing  from  that  played  by  the  sub- 
stances in  the  culture  medium.  If  no  cellular  contact  was 
obtained  that  could  be  controlled  by  the  histological  examina- 
tion there  was  no  physiological  unilion.  i.  e.  no  simidlaneous 
contraction. 

It  can  therefore  be  concluded,  that  the  cellular  contact 
between  the  contracting  elements  of  the  two  pulsating  neart 
fragments  is  the  unquestionable  cause  of  the  simultaneous 
pulsation.  This  is  also  a  direct  proof  that  the  cellular  contact 
or  anastomosis  plays  an  important  role  for  this  and  other 
functions  even  in  the  tissue  culture. 
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\\c  ma}'  summarize  Ihc  results  of  the  experiments  des- 
cribed in  this  chapter  in  tlie  following  way: 

It  is  endeavoured  to  prove,  that  the  tissue  cells  in  the 
in  vitro  culture,  are  not  to  be  compared  wilh  the  bacterial 
culture.  The  tissue  cells  are  not  independent  individuals, 
growing  as  such.  —  Each  cell  is  an  integral  part  of  the 
entire  mass  of  tissue.  How  small  bits  of  tissue  or  how  many 
cell  individuals  that  are  necessar}'  for  a  growth  and  a 
multiplication  has  not  yet  been  determined.  One  cell  is,  at 
any  rate,  not  able  to  retain  and  regenerate  a  tissue  in  vitro. 

It  was  also  found,  that  a  fragment  of  tissue,  containing 
a  few  and  scattered  cell  individuals,  is  not  able  to  regenerate 
in   vitro. 

The  anastomosis  or  protoplasmic  connection  between 
the  tissue  cells,  plays  a  vital  role  for  the  continuation  of  the 
life  of  the  cells.  This  is  rather  well  known  from  certain 
tissues  within  the  organism  nnd  now  also  found  to  be  the 
case  in  the  cells  in  vitro. 

The  ex]Kn'iments  seem  furthermore  to  indicate,  that 
periodical  stimulating  impulses  of  some  kind,  are  ^iroduced 
within  the  cells  of  the  tissue  and  transported  from  cell  to 
cell  throughout  the  intercellul.-ir  bridges  causing  the  division 
of  a  large  number  of  cells.  Which  cells  these  are,  where  these 
stimuli  originate  and  of  what  nature  these  stimuli  are,  we 
do  not  yet  know.  It  is  conceivable  to  consider  the  cell 
division  as  the  ultimate  result  of  a  general  progressive 
development  of  a  chain  of  tissue  cells,  representing  various 
phases  of  the  supposed  stimulus  or  substance,  which  causes 
the  cell  division. 

In  cultures  of  fibroblasts,  belonging  to  an  old  strain,  it 
was  found,  that  the  cell  division  set  in  rhythmically,  so  that 
at  one  time  a  large  number  of  cells  divided,  and  at  other 
times  there  were  very  few  or  none.  This  seems  to  indicate., 
that  in  a  piece  of  tissue  or  in  a  portion  of  growing  fibro- 
blasts in  a  culture,  several  or  many  cells  are  influenced  by 
the  same   principle  or  stimulus. 
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Tlu'  sijfiiiricMiU'c  ol"  Ihc  ci'lluhir  anastomosis,  round  in  llic 
lissiu'  c'ulliiro.  is  slill  heller  (Iciiionsli-ali'd  in  Iho  expeiMnienls 
wilh  llu'  |)ulsalin<^  rra«»nu'nls  ol'  lu-arl  in  vilro.  11  was  I" ound. 
Ihal  two  rra<:;nu'nis  of  |)iilsalin,ij;  lu-aii  lissiic,  cillu'r  IVoin  Ihc 
same  liearl  or  from  dinci'cnl  hcaiMs  ol'  llie  same  species, 
\v(MH'  ahle  lo  reunite  and  Ihe  two  pieces  cslahlishcd  one 
simuUancousIy  pulsalinjf  nnil.  II  was  ohscrved,  Ihal  wlien 
no  simullaiieily  ol"  two  IVa^Mnenls  could  i)e  ohtaiiicd.  no 
hislol()<«icaly  deleclahk'  pi'olo|)lasmic  connection  hetween 
Ihc  contractile  elemenls  of  Ihe  two  Iragmcnls  could  he  seen. 

3.    INTERACTIONS    OF    TIN-:   TISSL  K   ("ELLS    IN    \ITR(). 

l-'rom  ex|)i'rinu'nls  on  ri'gcneration  ol'  certain  lower  ani- 
mals, it  is  known  how  parts  separated  from  tlu'  hody  are 
able  lo  develoi)  and  form  a  j)erfect  organism.  It  is  slated 
that  it  is  the  se])aration  or  isolation  of  the  i)art  from  the 
influence  of  Ihe  organism  as  a  whole,  which  initiates  the 
process  of  regeneration. 

It  has  been  further  shown  that  if  certain  organized  tis- 
sues as  kidney,  thyroid  and  skin,  for  instance,  are  cxplanled 
and  allowed  to  grow  for  some  length  of  time  in  cultures, 
the  tissues  looses  its  characteristic  architecture  and  one  lyi)e 
or  another  of  the  cells  grow  out  from  a  tissue  without  any 
regular  organization,  (C  h  a  m  p  y)  ^-^y 

At  other  times  the  gi'owih  of  the  explanled  complex  tis- 
sue is  controlled  and  continues  to  grow  as  such.  This  is  de- 
monstrated by  T  h  o  m  s  o  n  '='•')  and  Fischer  i'"^).  T  h  o  m- 
son  observed,  that  if  a  toe  from  a  chicken  embryo  was 
explanled.  an  uncontrolled  ju-oliferalion  of  cells  began  from 
Ihe  injured  ])arts.  lie  slated,  that  when  Ihe  basal  membranes 
are  injured,  the  cells  commence  growing  out  into  Ihe  me- 
dium, whereas  an  uninjured  organ  continues  to  grow  as  a 
complete  structure,  controlled  by  Ihe  laws  of  the  organism. 
This  does  not  seem  to  l)e  a  constant  jjhenomenon;  it  was 
observed  (Fi  s  ch  e  r)  i^^)  that  small  fragments  of  intestine 
from    Ihe    chicken    embrvo    did    not    \vv\    often    exhii)it    anv 
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unconlrolk'd  <*r()\vth  froni  the  l)t'ginning,  in  spile  of  llie 
fad,  thai  such  tragmenls  oT  inlesline  conlain  at  Icasl  Iwo 
injured  ends. 

Rather  hllle  is  known  ol'  (he  inleracLion  of  the  vaiious 
tissues.  II  is  of  great  importance  to  know  about  (he  laws 
wliich  control  the  rate  of  proliferation  and  the  limits  of  mi- 
gration of  the  various  tissues;  in  other  words  it  is  iui- 
porlanl  to  investigate  the  cori'elalion  of  llie  tissues,  in  order 
to  understand  a  little  about  the  numerous  pathological  pro- 
cesses. 

In  a  previous  chapter,  we  have  described  a  factor  which 
plays  an  important  role  for  the  multiplication  of  the  tis- 
sue cells.  It  was  observed  that  single  isolated  cells  are  not 
able  to  divide  and  multiply,  unless  in  direct  protoplasmic 
relation  to  other  cells  of  the  same  kind.  It  was  also  ob- 
served, that  the  stimulus  regulating  the  simultaneous  con- 
traction of  a  heart  fragment,  is  transported  from  one  cell 
to  another  through  the  protoplasmic  anastomosis  of  the 
muscle  cells.  11  was  found,  that  the  stimuli  leading  to  the 
simultaneous  contraction  of  the  fragment,  were  blocked  by 
the   interposition    of   fibroblasts. 

This  fact  leads  us  to  assume,  that  specific  impulses  are 
not  transported  from  cells  of  one  type  to  cells  of  another. 
This  assumption  may  probably  be  true  also  as  regards  the 
growth  stimulating  factors,  transported  from  cells  of  one 
kind  to  cells  of  another.  In  other  words,  a  single  epithelial  cell 
may  not  impart  to  a  single  fibroblast  the  stimulus  for  cell 
division.  It  was  found  by  other  investigators,  that  protoplas- 
mic connections  between  epithelial  cells  and  fibroblasts 
were  not  seen  in  the  organism.  These  phenomena  are  still 
unknown,  but  investigations  have  already  commenced.  If  it 
be  true,  that  the  stimuli  inducing  the  cell  division,  are  specific 
for  the  various  cell  types,  we  should  be  able  to  understand 
a  good  deal  more  of  regeneration,  transplantation  and  other 
related  processes. 

Many  unknown  factors  of  the  transplantation  may  be  ex- 
plained that  way.  The  reason  why  homologous  and  heterolog- 
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ous  Iraiisplanls  (k-lorioi'ales  al'lcr  slioj'icr  or  loiiffer  periods, 
may  hv  Ihc  iiH[)ossil)ility  ol'  cslablisliijig  a  pliysioloj^i- 
cal  link  ol  Iho  Iransplanled  cell-individiiais  willi  Ihc 
cells  ol"  llie  new  host,  (cf.  Ihc  (•xj)erimenl  (jn  duck  and 
chicken  Iieart  p.  185).  Many  ol'  Ihc  Uiinor  IraiisplaJils  wliicli 
will  nol  lake,  may  also  be  Ine  rcsidl  ol'  a  missing  cslahlish- 
mcnl  ol'  a  physiological  conlacl  willi  Ihc  new  (organism. 
Ill'  alhreplic  theory  of  Ehrlich  may  l)e  explained 
in  the  same  way.  The  mouse  carcinoma,  when  trans- 
planted to  a  rat,  will  grow  and  ]>ersisl  Tor  a  lime  and  will 
then  progressively  disappear.  It  lives  and  grows  at  the  ex- 
l)ensc  of  the  transplanted  tumor  cells  themselves  and  Ihc 
humors  from  the  new  host  do  not  perhaps  even  inhihil 
the  growth  of  the  lumor  cells,  bill  the  unknown,  the  specific 
slimulalion  for  the  mulliplication  of  the  tumor  cells  cannot 
be  obtained  in  the  new  host.  It  is,  of  course,  a  more  or  less 
theoretical  conclusion,   which   has  yet   to   be   proved. 

In  a  former  chapter  of  this  book  1  have  mentioned  some 
ex]K'rimcnls  undertaken  in  order  to  settle  definitely,  thai 
epithelium,  cultivated  for  a  long  period  of  time  in  vitro, 
still  remains  epithelium  and  behaves  as  such.  —  The  in- 
teraction of  fibroblasts  belonging  to  a  ten  years  old  strain 
and  epithelium  of  a  three  months  old  strain  was  studied 
in  vitro.  Epithelium  and  fibroblasts  were  placed  side  by 
side  in  a  culture,  and  allowed  to  grow  in  close  proximity 
for  several  passages.  —  After  the  first  48  hours,  a  dislinct 
difference  was  observed  in  the  character  of  the  two  frag- 
ments. The  epithelium  grew  as  a  compact  mass  with  the  in- 
dividual epithelial  cells  in  close  contact.  The  fibroblasts 
migrated  into  the  culture  medium  and  formed  a  network. 
Afler  a  few  passages  the  fibroblasts  overgrew  the  epithe- 
lial fragment  entirely.  The  combined  culture  showed  a  peri- 
pheral growth  mainly  composed  of  fibroblasts,  and  the  only 
ap])arcnt  indication  of  the  presence  of  epithelium  was  that 
the  central  ])orli()n  of  the  culture  appeared  semi-transparent 
and  homogeneous  and  not  as  dense  and  opaque  as  a  typical 
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culture  of  pure  fibroblasts  which  liad  not  been  divided  in 
the  same  number  of  generations.  At  this  stage,  the  'nixed 
cultures  were  divided  and  subcultured.  This  procediu'e  was 
continued  for  seven  passages  and  finally  the  preparation 
was  fixed,  sectioned  and  stained  b}'  Van  G  i  e  s  o  n's  metliod. 
The  sections  sliowed  typical  epitlielial  and  connective  tis- 
sues, as  found  in  the  organism.  The  epithelium  appeared 
greenish  yellow  in  contrast  with  the  connective  tissue,  wliich 
appeared  pink  and  contained  many  fibrillae  which  were 
stained  a  decided  pink.  No  parts  of  the  section 
s  h  o  \\'  e  d  a  n  a  m  alga  m  a  t  i  o  n  of  the  t  \\-  o  cell  t }-  p  e  s, 
figs  20. 21;  The  epithelial  cells  were  everywhere  dislinclly 
differentiated.  In  many  places  a  definite  structural  arrange- 
ment of  the  cell  elements  was  observed.  The  epithelial  cells 
had  grouped  themselves  to  form  tubules  with  distinct  lumina. 
In  several  of  the  sections,  the  lumina  could  be  seen  filled 
with  a  homogeneous  colloidal  secretion.  The  arrangement  of 
the  epithelial  cells  forming  the  tubules  resembled  the  con- 
formation found  in  sections  of  salivary  glands.  The  individual 
cells  which  formed  the  tubules  had  their  nuclei  disposed 
close  to  the  basal  membrane. 

In  some  parts  of  the  section,  epithelial  cells  could  be 
seen  penetrating  the  surrounding  layer  of  fibroblasts  and  ap- 
pearing on  the  free  surface  of  the  tissue  fragment.  (Fig.  21.) 
In  other  parts,  large  masses  of  keratinized  cells,  surrounded 
by  a  layer  of  low  epithelium,   could  be   observed. 

These  experiments  show  that  epithelium  cultivated  for 
2  months  in  vitro  retained  its  morphological  characteristics 
which  differed  decidedly  from  those  of  fibroblasts.  But  a 
still  more  striking  fact  was  observed;  namely,  that  the  dif- 
ferential stain  ad  modum  Van  G  i  e  s  o  n  brings  out  the 
chemical  difference  between  the  two  cell  ts-pes  w^hen  they 
are  allowed  to  grow^  together.  The  epithelium  was  observed 
to  have  formative  ability;  i.  e.,  the  epithelial  cells  arrange 
themselves  in  winding  tubules.  This  has  already  been  men- 
tioned   in    an    earlier    report    of    experiment    in    which    the 
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cpillu'lia!  ci'lls.  culliN  ;iU'(l  on  llic  Ircc  sui-racc  ol'  llu'  clol, 
grew  ill  ti  single  layer  and  were  tlescrihed  as  organizing 
lheinsi>l\-es  in  slriielures  which  closely  resembled  ci-oss  sec- 
lions  ol"  glands.  The  expi-iinienls  jiisl  inenlioned  conrinii 
this  slaleiiienl,  since  Ihe  luhular  arraiigenuiil  may  he  I'ol- 
lowed  Ihroiighoul  all  serial  seclions. 

("hanipy  i-'^  slates  Ihal  no  strains  ol  lissue  cells  can 
he  culli\alt(l  Toi"  any  itiiglh  ol  lime  in  xili'o  wilhoul  a  cliange 
occnrring  in  their  morpiiology.  I  ha\e  shown  Ihal  I'ihro- 
blasls  ant!  ei)illielial  cells  may  he  cultivaled  in  ])nre  cnllnrcs 
for  long  ])eriods  without  deditferentialion.  Therefore,  in  this 
case  il  seems  Dial  ("hampys  '-''  statement  does  not  con- 
firm the  e\|)erimeiital  data.  On  the  other  hand,  he  also 
stales  lliat  ei)ithelial  cells  in  Ihe  presence  of  conneclive  lis- 
sue cells  do  not  dedifferentiate.  This  fact  is  fully  suhstan- 
liated  hy  my  work.  The  experimenls  in  which  pure  strains 
of  epithelium  and  fi])rohlasts  were  mixed  and  allowed  to 
grow  logetlier  in  one  cultiu'e.  show  clearly  thai  normal 
epithelial  cells  are  not  able  to  amalgamate  with  normal 
fibroblasts  as  would  be  the  case  with  cancerous  epilhelium. 
The  normal  epithelial  cells  stick  together  because  of  a  cer- 
tain iiilerdej)endancy  of  the  cells  upon  one  anothei".  If  the 
epithelial  cells  were  able  to  obtain  the  growth  promoting 
princi])les  from  other  cells  than  the  epilhelial,  in  this  case 
the  fibroblasts,  the  picture  would  probably  have  looked  dif- 
ferent (1  h  1  o  p  i  n  1^^)  has  always  noted  also  thai  the  epilhe- 
lial cells  wer(>  absolutely  distinctly  se])arated  from  the  fibro- 
blasts. 

It  was  staled  by  (>  h  a  m  |)  y  i--^;  thai  epithelium  from 
embryos,  cultivated  in  \itro.  dedifferenlialed  within  a  few 
hours  and  adult  lissue  persisted  for  a  long  lime  in  cultures 
without  changing.  It  was  also  stated  that  the  dediffei'entialion 
of  e|)ithelial  cells  was  delayed  or  did  not  take  i)lace  at  all, 
when   fibroblasts   or   conneclive   tissue   cells   were   ])resenl. 

The  same  stalemenl  was  made  ([uite  recently  by  Drew 
^^'').     ]\v   describes    how   a   ])ure   culture    of   ej)itlu'iium    com- 
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mcnces  suddenly  lo  differentiate,  when  a  portion  of  connec- 
tive tissue  is  added.  By  differentiation  the  formation  of 
rudimentary  tubules  is  meant  liere.  These  are  found  to  be 
formed  in  normal  as  well  as  in  cancerous  epithelium.  —  It 
is,  in  other  words,  the  formative  ability  of  the  epithelium, 
which  is  meant  by  differentiation  here.  Drew  ^^'"'j  describes, 
however,  the  growth  of  epithelium  as  -sheets  of  undifferenti- 
ated tissue".  C  h  a  m  p  y  !-•')  describes  the  d  e  d  i  f  f  e  r  e  n  I  i  - 
ation  of  the  epithelial  cells,  going  on  in  vitro,  as  a 
transformation  of  the  epithelium  into  an  indifferent  em- 
bryonic tissue,  not  unlike  fibroblasts.  From  this,  it  is  not 
quite  correct  of  D  r  e  w  i^^)  to  call  the  epithelium  growing  in 
sheets,  undifferentiated  tissue.  The  question  of  dedifferen- 
tiation  according  to  C  h  a  m  p  y  can  now  be  considered  as 
settled.  Fischer  ^^-)  and  E  b  e  1  i  n  g  and  Fischer  ^'•')  have 
proved  that  epithelium  cultivated  in  vitro  does  not  dedif- 
ferentiate in  the  sense  of  C  h  a  m  p  y,  but  can  be  cultivated 
indefinitely  and  behave  as  epithelium,  morphologically  and 
biochemically  all  the  time. 

D  r  e  w^  1^')  describes  also,  that  keratinization  is  a  conse- 
cutive process  on  epithelium  under  the  direct  influence  of 
fibroblasts  in  vitro. 

Our  experiments  have  shown  that  both  phenomena  desc- 
ribed by  Drew  i"),  generally  take  place  without  the  pre- 
sence of  fibroblasts  or  connective  tissue  cells  at  all.  (Fig.  12.) 
The  strain  of  epithelium  of  our  own,  is  a  pure  culture  — 
and  there  had  not  been  the  slightest  contamination  with 
fibroblasts  during  the  cultivation;  nevertheless,  the  epithelium 
has  "differentiated"  in  the  sense  of  D  r  e  w  to  primitive 
tubules.  (Fig.  15.)  These  kinds  of  "differentiations"  we  have 
observed  now^  and  then  in  up  to  3  months  old  strains  of 
epithelium  which  had  not  been  in  contact  with  fibroblasts 
all  that  time. 

The  same  can  be  said  about  the  keratinization:  this  is 
also  described  by  -Drew  as  a  process  which  originates 
under  the  influence  of  fibroblasts. 

13 
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The  or^anisMtion  ol  llu'  (■|)itlu'lial  cells.  cullixaU'd  in 
vilro  occurs  when  Uie  growlli  of  llie  ciilliire  lor  oik;  or 
another  reason  suffei's  and  becomes  irregular.  It  may  be 
the   result,    when    the    I  issue    is    nol    properly    placed    in   the 


Fig.  42. 
Experiment  1476.    22nd.  passage  of  a  48  hour  old   pure   culture   of  epithe- 
lium from  the  iris   of   the  chicken  embryos.    The  photograph  is  taken  of  a 
section  through  the  culture  and  the  keratinization  can  be  seen. 
From  The  Journ.  of  Exp.  Med.,  1924,  XXXIX,  585. 


medium.  —  or  more  so  even  when  the  central  portion  of  the 
tissue  becomes  thick  and  more  or  less  necrotic,  because  il 
is  poorly   supplied   with   oxygen  and  nourishment. 
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In  my  experience,  Ihe  keratinization  in  epiUielial  cul- 
tures, is  always  the  result  of  the  culture  suffering  from  lack 
of  oxygen  and  nourishment.  It  cannot  be  denied,  however, 
that  the  presence  of  fibroblasts,  as  Drew  has  described  it, 
can  give  the  same  result,  but  it  is  only  to  be  demonstrated 
here,  that  both  phenomena  occur  generally  without  the 
presence  of  fibroblasts,  and  that  the  orginisaliou  according 
to  D  r  e  w,  the  "differentiating"  factor  of  connective  tissue, 
is  not  a  specific  reaction  of  these  cells  on  epithelium.  It  is 
nevertheless  an  interesting  fact,  that  connective  tissue  cells, 
cultivated  side  by  side  with  epithelium,  bring  about  a  quick 
organisation  and  keratinization  of  the  cells;  it  demonstrates 
probably  only,  that  the  intrinsic  power  of  fibroblasts  is  much 
greater,  compared  with   that  of  the  epithelium. 

It  is  worth  while  mentioning  here  the  fact  that  I  he 
epithelium  used  for  the  cultures  is  iris  epithelium,  which 
does  not  generally  keratinize  in  the  organism. 

In  order  to  get  a  suitable  subject  for  the  study  of  the 
interdependancy  of  the  various  tissues  in  vitro,  a  series  of  ex- 
periments was  undertaken  with  the  cultivation  of  complex 
tissues,  i.  e.  tissues  consisting  of  several  types  of  cells. 

If  a  part  of  an  organ  or  a  complete  embryo  was  oxplanted, 
it  increased  markedly  in  size  and  no  outgrowth  of  cells  took 
place.  Thomson  ^^^)  found  that  if  a  toe  of  a  chicken 
embryo,  for  instance,  was  explanted,  an  uncontrolled  pro- 
liferation of  cells  began  from  the  injured  part.  When  the 
basal  membranes  are  injured,  the  cells  begin  to  grow  out 
into  the  medium,  whereas  an  uninjured  organ  continues  to 
grow  as  a  complete  structure  controlled  by  the  laws  of  the 
organism. 

This  statement  of  Thomson  could  not  be  quite  con- 
fiiTned  by  my  experiments.  By  explanting  small  bits  of 
intestines  from  chicken  embryos  I  observed  very  seldom 
any  uncontrolled  growth;  the  basal  membranes  of  the  tissues 
in  the  intestine  must  have  been  injured  by  the  excision. 

13* 
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My  c\|)i'i-imc-iils  of  conti-ollcd  ^i-owili  wcri'  made  on 
llie  small  inU'sliiic  I'l-oin  chickiii  cmhryos  which  were  al)()ul 
l(»  lialch,  i.  o.  20  U)  21  days  ohi.  The  |)iir|)Osc'  ol'  Ihe  cx- 
periiiicnls  was  lo  sec  if  il  was  j)()ssil)h'  lo  oblain  portions 
of  inleslinal  lissue  which,  by  means  of  liieir  e|)illiciial  lining, 
were  able  lo  resorb  nulrimenl  from  Ihe  suri-oundiiiifs  and 
supply  Ihc  entire  fraifinent  with  nourishmeiil.  Therefore 
the  intestine  of  the  old  embryo  was  seleeled  in  order  to  get 
an  epilhchum  which  had  developed  the  ability  of  !)reaking 
down  foreign  proteins  and  trans])orliiig  Ihe  substances  to  Ihe 
interior  of  the  tissue. 

techxioup:. 

20  to  21  days  old  chicken  embryos  were  taken  out  oi  Ihe 
shell  in  the  usually  way.  A  fragment  of  the  small  intestine 
was  extirpated  and  placed  in  H  ingers  solution,  llei'e  il  was 
cut  into  very  tiny  fragments  and  i)laced  in  the  culture 
medium  consisting  of  equal  volumes  of  chicken  plasma  and 
embryonic  tissue  juice.  In  some  experiments  the  intestine 
was  opened  and  a  little  strip  was  cut  off  and  cultivated, 
or  the  fragment  of  intestine  was  turned  inside  out.  leaving 
the  epithelial  coat  outside  and   the  serosa   inside   the  lumen. 

After  48  hours  incubation  the  cultures  were  unsealed 
and  the  small  fragment  picked  up  with  the  point  of  the 
knife,  or  aspirated  by  means  of  a  pipette,  waslied  a  minute 
or  so  in  Ringer  solution  and  re])laced  in  a  fresh  cidture 
medium.  An  extensive  liquefaction  was  brought  about  after 
the  18  hours  cultivation  so  the  fragment  was  usually  found 
floating    in    a    cup-like    excavation    in    the    liquefied    plasma, 

RESULTS. 

It  was  very  seldom  observed,  that  the  cells  were  growing 
out  in  the  medium,  as  explants  generalW  do  manifest  their 
ac-tual  life.  Aftei"  a  few  passages  Ihe  e|)illielium  could  \)c 
seen  growing  all  around  the  fragment  and  formed  an  entire 
coat.  At  this  stage,  the  fragment  had  become  spherical  and 
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its  surface  shiny  as  a  fresh  mucous  membrane.  Macrosco- 
pically  as  well  as  microscroi^ically  it  appeared  as  a  semi- 
Iransparent  body  with  a  sli<TlUly  denser  central  portion. 
Active  peristaltic  luovemeuts  were  observed  around  tlie  edge 
of  the  body  as  well  as  on  the  free  edge  of  the  ciilicula  of 
the  epithelial  cells.  A  lively  migration  of  ameboid  cells  look 
place  between  the  epithelial  cells. 

Active  contraction  of  tlie  intestinal  muscles  could  be  ob- 
served even  after  more  than  a  months  cultivation.  These 
contractions  were  brought  about  by  a  slight  cooling  of  the 
preparation. 

The  size  of  the  bodies,  or  -organisms'"  varied  according 
to  their  age.  Generally,  they  tended  to  decrease  in  size  as 
time  went  on. 

The  actual  secretion  could  be  seen  to  exude  from  the 
epithelial  cells.  The  secretion  was  rather  mucous,  and  after 
a  few  hours  cultivation  the  body  was  floating  around  in  a 
little  lake  in  the  plasma  clot.  In  subsequent  stages,  the  in- 
testinal body  became  pellucid,  and  the  coat  of  regular  cubic 
epithelium  could  be  studied  thoroughly.  Often  it  was  pos- 
sible to  observe  small  appendicular  cystic  formations  which 
appeared  on  the  surface  of  the  body  within  a  few  hours. 
Thcs'^  cysts  increased  markedly  in  size  from  hour  to  hour 
and  it  was  clearly  seen,  that  the  fluid  could  only  pass  in 
from  the  exterior  and  not  in  the  opposite  direction.  At  Ihe 
time  when  the  cultures  were  to  be  transferred  to  a  fresh 
medium,  the  cysts  were  injured  by  the  operation  and  col- 
la]3sed. 

By  the  histological  examination  of  the  intestinal  bodies 
after  a  months  cultivation,  they  were  found  in  an  excellent 
state  of  preservation.  The  cylindrical  epithelium  had  grown 
all  around  the  fragment.  The  villi  had  disappeared  and  the 
surface  of  the  body  was  very  even  and  smooth.  The  epi- 
thelium in  the  Lieberkiihn  glands  was  well  preserved 
in  many  cases,  but  did  not  seem  to  have  any  communication 
with    the    outside.    The    connective    tissue    cells    had    formed 
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a  slroina  with  niiim-roiis  ril)rill;i',  (Fig.  13).  There  was  no 
evidence  of  unconlrolled  growth,  as  the  epithehal  cells  did 
not  go  beyond  their  natural  border  hne.  and  there  wns  no 
inlerniinghng  of  the  different  cells. 


s;:?rr>- 


Fig.  43. 

Eyperiment  1085—6.  Section  of  an  intestinal  „Organism"  cultivated  in  plasma 

and  embryonic  juice  for  a  month,  x  200. 

From  The  Journ.  of  Exp.  Med.,  1922,  XXXVl,  393. 

Because  of  the  liquefaction  which  always  occurred  a  few 
hours  after  the  transferring  to  a  new  medium,  il  was  sup- 
posed that  such  bodies  were  able  to  live  in  a  fluid  medium. 
It  was  therefore  essayed  to  cultivate  these  bodies  in  ;i 
fluid   medium    consisting   of   embryonic    tissue   juice    diluted 
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with  Ringers  solution.  They  were  not  transferred  to  the 
fluid  medium  l)efore  the  e])ilhelium  had  grown  all  around 
the  fragment.  After  a  monlhs  eullivalion  in  a  fluid  me(huiu. 
the  intestinal  organisms  were  fixed  in  2".)  formol-R  i  u  g  e  r 
solution  and  seetioned.  There  was  a  marked  difference  between 


Fig.  44. 
Experiment    2107—24.    Section    of    an    intestinal    „Organism"   cultivated   in 
embryonic  juice  without  plasma.    The  epithelium  is  normal.   The  stroma  is 
very   loose   and    the   cells   are    sparsely   represented.   A    cystic  formation  is 

seen  at  A.  x  150. 
From  The  Journ.  of  Exp.  Med.,  1922,  XXXVI,  393. 


those  cultivated  in  the  fluid  medium  and  those  in  the  solid 
medium.  Those  in  the  fluid  medium  had  well  preserved  villi 
and  verv  little  stroma  left.   In  the  centre  of  the  "organisim" 
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only  a  I'ainl  Iracc  of  llu'  slroina  rcinaint'd.  V\(^.  II.  .liisl 
under  \\\v  lininjf  i'i)illuliiiin.  which  Mijpcarcd  In  he  noi-inal. 
were  a  largi-  niinilx-i-  oT  cijitliclial  cells  in  a  niorc  or  less 
ameboid  slaU'.  Inder  this  layer,  an  emply  s|)ac('  conld 
he  seen  which  had  prohahly  been  tilled  with  litiuid.  and 
liiinllv  toward  the  centre  of  the  body,  a  very  thin,  loose 
sironii   with    sinj^lc   connective   tissue   cells 

The  cylindrical  epithelium  was  very  well  pi'eserved.  Its 
frei'  surface  formed  a  continuous  and  solid  ciilicula.  'This 
conlracl  between  the  epithelial  cells  was  only  perfecl  in 
Ibeir  peripberal  part.  Between  the  external  and  the  basal 
l)arts  of  the  cells,  free  spaces  could  be  seen,  as  if  they  had 
been  formed  by  the  pressure  of  a  licpiid  within  the  body. 
(Fig.    -15). 

The  conditions  under  which  the  intestinal  bodies  lived 
in  a  liquid  medium  were  probably  not  the  very  best.  The 
correct  conditions  of  life  in  a  fluid  medium  will  doubtlessly 
be  found  and  perhaps  it  will  render  possible  maintaining 
the  life  of  these  for  a  long  time.  And  it  will  be  interesting 
to  observe  whether  they  are  able  to  utilize  heterologous 
nutriment  because  otherwise  the  epilhelinm  of  the  intestine 
is    capable   of   breaking   down   com[)lex   foodstuffs. 

Interactions  of  the  differenl  cell  elements  can  be  studied 
on  these  intestinal  bodies.  Transplantations  have  already 
been  undertaken.  Pure  cultures  of  epithelium  were  grafted 
into  such  an  "organism"  without  difficulty.  The  growth  of 
malignant  cells  may  be  sludii'd  in  the  same  way;  the  incii)ienl 
growth  of  malignant  cells  in  an  organism  can  easil}'  be 
studied    this    way. 

Before  closing  this  chapter,  some  very  important  results 
obtained  h\  Carrel  and  Ebeling  within  very  recent 
limes,  should  be  reported  here.  As  the  results  of  a  long 
series  of  investigations  on  the  physiology  of  the  leucocytes, 
Carrel  and  Ebeling  •^^)  ^^^)  have  quite  recently  shown 
that  the  leucocytes  actually  secrete  substances  w^hich  serve 
as    nutrition    for    other    cells. 
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Fig.  45. 
Experiment    2107 — 22.    Section   of   an   intestinal    „OrganisiTi"    cultivated    in 
embryonic  tissue  juice  alone  for  a  month.  The  loose  stroma  and  the  cubic 
epithelium  with  the  dilatated  spaces  between  the  individual  cells  may  be  seen. 

X  272. 
From  The  Journ.  of  Exp.  Med.  1922,  XXXVI,  393. 
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riu-  highly  imijnned  locliiiiqiie  of  cultivaling  tissue  cells 
has  made  it  possible  to  study  several  physiological  pro- 
blems liilherlo  unassailable.  Carrel  '»''  develo|)e<l  recinlly. 
as  alreadx'  described,  a  new  technique  by  which  (he  eullure 
medium  may  be  renewed  frequently  without  any  mechan- 
ical disturbance  of  the  tissues.  With  this  techni(|ue.  epi- 
thelial cells,  fibroblasts  and  leucocyte's  may  be  observed  in 
a  condition  of  uninterrupted  growth  for  about  a  month. 
Therefore  tlu'  projierties  of  the  leucocytes  could  now  be 
investigated. 

It  was  observed  that  tlu'  leucocytes  cultivaletl  in  the 
special  flasks  mentioned  already,  secreted  substances  which 
was  found  to  promote  mnltiplication  of  fibroblasts  and  epi- 
thelium. When  small  amounts  of  foreign  protein  was  added 
to  the  culture  medium,  the  Icucocytic  secretions  acquired 
a  still  greater  growth-promoting  power.  It  is  shown  by 
Carrel^*)  that  leucocyte^s  .secrete  growth-promoting  sub- 
stances as  well  in  ^itro  as  in  vivo.  C  a  r  r  e  1  has  called  the 
leucocytes  trephocytes  i.  e.  nurses  of  the  fixed  cells, 
as  they  secrete  the  tre  phones.  The  leucocytes  are  found 
to  synthesise  growth-promoting  substances  from  certain  con- 
stituents of  serum  -  a  process,  which  fibroblasts  or  epi- 
thelial cells  are  not  alile  to  imitate.  This  is  demonstrated 
by  Carrel  in  his  beautiful  experiment  in  keei)ing  colonies 
of  fibroblasts  and  leucocytes  in  large  flasks  in  plasma  only. 
After  a  few  days  the  colony  of  fibroblasts  appeared  very 
degenerated  and  were  almost  dying.  The  colonies  of  leuco- 
cytes soon  increased  in  size  and  reached  the  outline  of  the 
colony  of  dying  fibroblasts.  Immediately  after  the  fibro- 
blasts were  reached  by  the  leucocytes,  they  became  re- 
juvenated. 

An  important  contribution  to  the  physiology  of  the  tissue 
cells  is  here  given  by  C  a  r  r  e  I.  since  he  has  proved  the 
old  conception  of  Claude  Bernard  that  the  internal 
secretions  are  nutrient,  secretions  such  as  glycogen,  albumin 
and    fibrin.    Claude    Bernard    and   later    Renaut    con- 
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sidcrcd  the  leucocytes  as  cells  playing  a  capital  role  as 
mobile  unicellular  glands,  carrying  the  food  material  to  the 
fixed  cells,  .loll  y  concluded  ti'om  his  investigations  on  the 
lymphoid  apparatus  that  lym|)hocyles  store  im|)ortMnl  che- 
mical  substances,   which  are   used  by   the  organism. 

The  existence  of  such  substances  is  now  demonstrated  by 
Carrel,  who  called  them  trei)hones,  and  they  are  defined  as 
substance.^  which  are  used  by  the  cells  directly  for  the 
synthesis  of  their  protoplasm.  On  the  contrary,  the  hor- 
mones are  defined  as  substances  which  stimulate  olher  cells 
to  activity.  They  act  as  catalysts,  but  do  not  build  up  pro- 
toplasm. Both  trephones  and  hormones  are  required  for  the 
growth  of  tissue. 

It  has  often  been  mentioned  in  this  book  that  tlie  normal 
tissue  cells,  fibroblasts  and  epithelial  cells  are  not  able  to 
sj^nthesise  their  jjrotoplasm  from  the  serum  constituents. 
They  require  substances  called  trephones,  which  are  present 
in  embryonic  tissue,  certain  glandular  tissue  and  in  the  leuco- 
cytes; the  latter  being  able  to  synthesise  these  substances 
from  the  serum  compounds.  Fibroblasts  and  epithelial  cells 
are  maintained  in  a  true  state  of  cultivation  only  when 
embryonic  tissue  juice  is  added  to  the  culture  medium. 
Lymphocytes  and  large  mononuclear  and  certain  malignant 
tissue  cells  behave  in  entirely  different  manner.  According 
to  C  a  r  r  e  1,  the  monocytes  die  in  a  short  time  when  cultivated 
in  embryonic  tissue  juice.  In  diluted  serum  they  remain 
alive  for  a  mucli  longer  ])eriod  of  time.  It  is  clear  tnat  they 
build  up  protoplasm  from  some  of  the  compounds  of  serum, 
a  thing  which  fibroblasts  and  epithelial  cells  are  unable  to 
do.  Fibroblasts  cultivated  in  a  medium  containing  embryonic 
tissue  juice  as  the  only  source  of  nitrogen  multiply  exten- 
sively. In  the  latter  case,  there  is  no  doubt  that  *the  em- 
bryonic juices  do  not  act  as  hormones,  but  actually  take 
part  in  the  synthesis  of  protoplasm. 

The  conclusion  of  Carrel's  investigation  according  to 
Carrel     himself    is,    that    the    lymphocytes    both    possess 
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llic    riinclion    of   iiourisliiiij^    lissiics.    besides    IIkiI    of    disiiiU-- 
graling  forei.^n  subslanccs.   ncci'olic  cells.   l);icleri;i   a.   s.  o. 

Accordinj*  lo  llieir  ('(nidilion,  leiieocyles  lil)erale  suhslaii- 
ces  ol"  varied  nature,  (replioiies  ai"e  secreled  by  normal  cells, 
or  diri'iise  tVom  dead  cells  before  lliey  disinlcj^rale.  Tre- 
pliones  i)rol)ably  (lisai)|)ear  al  a  certain  statue  of  cell  dcf»ene- 
ration.  according  to  Carrel,  and  tlie  substances  which  dif- 
fuse fi-oni  disintegrating  leucocytes  are  often  toxic  for  tlie 
tissue  cells,  r^xtracl  from  pus  genei"ally  depi-esses  (he  mul- 
tiplication of  cells.  (>  arret  has  observed  in  vivo,  that  the 
cicati'ization  of  woiuids  is  delayed  when  an  abscess  in  some 
pari  of  (he  body  is  pi'esenl.  Similar  obserNalions  were  made 
when  sterile  pus  was  injected  sid)cutaneously  while  liie 
healing  of  the  wound  was  observed. 

According  lo  Carrel  ])athological  processes  are  often 
charactei'ized  by  a  reactivation  of  tissues  which  possibly  for 
many  years  have  ceased  lo  multii)ly.  There  has  always 
been  a  cpieslion  as  to  what  determines  an  increase  of  Ihc 
growth  enei'gy  of  a  tissue  when  it  is  needed.  P'rom  (he  ex- 
periments of  Carrel  we  have  learned  thai  Ihe  growlh 
energy  depends  on  substances  that  arc  present  in  the  peri- 
cellular fluid  and  not  on  the  energy  derived  from  the  ovum. 
As  long  as  the  cells  are  sujiplied  wnth  these  siil)slances, 
they  exhibit  an  unlimited  ])ower  of  proliferation.  The  peri- 
cellular fluid  of  the  adidt  organism  does  not  contain  growth- 
promoting  substances  in  any  noteworthy  quantity.  11  is 
shown  recently  by  Riser*),  that  adult  tissue  cells  and  fibro- 
blasts have  the  powa^r  of  unlimited  multiplication  in  vitro, 
when  cultivated  in  media  containing  embryonic  tissue  juice. 
The  tissue  cells  from  the  adult  organism  are  able  lo  produce 
unlimited  amounts  of  living  pr()to|)lasm  when  they  are  fed 
on  embrj^onic  tissue  juice.  In  case  of  jiathological  processes^ 
trephones  are  secreted  by  leucocytes  or  set  free  by  dead 
muscle  or  gland  tissue.  As  soon  as  the  concentration  of  tre- 
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phones  increases  in  the   pericellular   fluid,    the  regeneration 
of  tissue  cells  begins. 

These  facts  help  us  to  understand  better  the  mechanism 
of  repair  in  the  organism.  From  numerous  experiments  C  a  r- 
rel  has  shown,  that  an  aseptic  wound  made  on  an  adult 
animal  begins  to  cicatrize  after  two  or   three  days. 

If  regeneration  is  a  direct  consequence  of  the  loss  of 
tissue,  the  healing  of  a  wound,  perfectly  protected  against 
irritation  from  outside,  should  take  place  normally.  Sucli 
wounds  were  found  by  Carrel  not  to  heal.  The  regenerative 
stimulus  does  not  depend  upon  the  tissue  tension  according 
to  Ribbert.  If  the  wound,  instead  of  being  protected 
against  external  irritation,  was  covered  with  a  slightly  ir- 
ritating dressing,  such  as  turpentine,  a  few  staphylococci  or 
dry  gauze,  cicatrization  commenced  within  the  two  days. 
The  action  of  the  irritants  is  explained  by  C  a  r  r  e  1  in  the 
following  way,  that  it  brings  about  the  invasion  of  leucocytes. 
The  healing  of  the  wound  is  therefore  due  to  the  trephones 
secreted  by  the  invaded  leucocytes.  The  irritant  does  not 
act  on  the  tissue  cells  themselves  as  Y  i  r  c  h  o  w  believed  in 
his  assumption  of  the  initiation  of  cicatrization  from  an 
inflammatory  irritant,  but  causes  the  embryonic  substances 
of  the  organism  to  be  brought  to  the  wound  in  the  form  of 
leucocytes. 

C  arret  mentioned  that  regeneration  in  lower  organisms 
may  also  be  determined  by  certain  cell  secretions.  L  o  e  b  '"o) 
has  observed  that  in  t  u  b  u  1  a  r  i  a,  endodermic  cells  gather' 
at  the  end  where  a  new  polypus  is  about  to  form,  and  pro- 
bably set  free  substances  necessary  for  the  proliferation  of 
the  cells.  As  mentioned  before  H  a  b  e  r  1  a  n  d  t  -^^)  has  ob- 
served that  substances  secreted  by  the  leptom  cells  in 
certain  plant  tissues  initiates  the  cell  division  of  the  plant 
cells.    He    calls    these    substances     -wound-hormones". 

From  these  experiments  w^e  have  learned  about  proces- 
ses which  play  an  important  role  for  the  cicatrization,  re- 
generation, transplantation  and  related  phenomena.  We  have 
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k'uriicd  liow  ini|)uil;inl  llu'  condilioii  of  Ihc  m  i  1  i  t- u  c  x- 
Irririirc  is  lor  llu'sc  proct-sst's.  Jii  llic  milieu  i  ii  I  r  i*  i- 
eure  i.  e  tlic  pfoloplasiiKi  in  llu-  organism  as  a  whole, 
we  have  llic  tlu-alrc  loi"  j)i'occsses  oT  Ihc  {^realcsl  imporlancc, 
but  very  (lirncull  to  lacklc  hy  cxix-i-imcnlal  investijfalion  al 
the  present  lime.  Frohably  Ihe  many  products,  that  we  call 
internal  secretions  are  lransi)orted  directly  from  proloplasma 
to  protoplasma  by  means  of  the  cellular  anaslomotics.  This 
is  as  yet  unknown. 

4.    M()RPil()(ih:.\KTICS. 

The  nielhod  of  cultivating^  tissues  outside  the  body  has 
mainly  been  employed  for  the  study  of  the  in()r|)hology 
of  tissue  cells.  Seen  from  the  point  of  view  of  Ihe  morpho- 
logisls,  the  technique  of  explantalion  of  tissue  cells  is  a 
convenient  method  for  the  study  of  the  structure  of  the 
various  cells. 

Preparation  of  living  tissue  cells  on  a  coverglass  have,  of 
course,  gi'eater  advantages  than  the  ordinary  histological 
methods  The  cells  can  be  observed  in  a  condition  of  actual 
life  for  long  j>eriods  of  time  under  various  experinu'ntal 
ctmditions.  At  any  time  the  life  of  the  cells  may  be  inter- 
rupted and  beautiful  specimens  made  of  the  cultures,  and 
the  same  cells  observed  during  life  can  now  be  studied  in 
the  i)ermanent  preparation.  The  methods  which  the  morpho- 
logisls  use  for  explantalion,  usually  allow  the  tissue  cells 
to  grow  out  on  the  cover  glass  in  a  unicellular  layer,  and 
this  gives  stained  and  permanent  preparations  unsurpassed 
in  l)eauty. 

The  methods  of  tissue  explantalion  have  also  disadvanta- 
ges in  the  hands  of  the  morphologists.  Very  often  the  mor- 
phologists  are  not  physiologists  enough  to  avoid  conditions 
which  are  loo  artificial  and  eriX)neous  conclusions  are  easily 
drawn.  The  methods  generally  employed  by  the  morpholo- 
gists are  to  be  considered  as  conditions  of  survival  rather 
than  cultures,   according  to   Carrel's  definition.  This  con- 
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dition  is  of  course  far  from  the  natural.  The  cells  are  obser- 
ved in  solutions  which  may  be  called  protective,  but  do 
not  contain  any  nutriment  lor  the  cells.  Many  dej^cnerative 
phenomena    will    therclore    he   intei'preted    wrongly. 

The  architecture  of  the  tissue  cells  in  general  has  been 
studied  in  vitro,  under  normal  and  pathological  conditions. 
Within  the  last  few  years  mitochondrial  structures  of  the 
cytoplasm  have  been  investigated  specially.  Lewis  and 
Lewis  have  developed  a  beautiful  technique  and  thereby 
contributed  particularly  to  the  study  of  the  mitochondrial 
apparatus. 

W.  H.  L  e  w  i  s  ^'^'')  has  investigated  the  intimate  struc- 
tures of  the  fibroblasts  ^eo  a^^  endothelial  cells  ■^'^^  ')  and  epi- 
thelial  cells  ^^53). 

In  his  excellent  work  on  the  cytoplasmic  structures, 
W.  H.  Lewis  concludes,  that  the  tissue  cultures  afford  an 
extremely  good  method  for  observations  upon  the  undis- 
turbed cells  as  they  live.  He  finds  mitochondria  in  all  the 
cells  and  they  can  be  studied  in  the  living  unstained  cell 
for  hours.  The  mitochondria  may  be  scattered  throughout 
tiu'  cytojjlasm  or  they  may  be  located  around  the  nucleus. 
They  change  their  position  all  the  lime.  During  mitosis  the 
mitochondria  become  more  evenly  scattered  throughout  the 
cytoplasm,  except  in  the  spindle  area,  where  they  are 
usuallj^  absent.  —  All  shapes  of  granules  can  be  found,  and 
any  one  type  of  mitochondria  such  as  granule,  rod  or 
thread  maj'  at  times  change  into  other  type  or  may  fuse 
with  another  mitochondrium  —  or  again  it  may  divide  into 
one  or  several  mitochondria.  They  may  change  their  shape 
according  to  the  experimental  conditions.  They  may  vary 
from  minute  granules,  short  rods  to  long  threads.  The  num- 
ber of  mitochondria  in  a  single  cell  vary  from  two  or  three 
to  more  than  two  hundred.  The  number  of  mitochondria  is 
not  constant  for  the  same  kind  of  cell.  If  the  mitochondria 
degenerate,  the  rods  or  threads  fall  apart  to  granules  —  later 
these  granules  become  vesicles  and  then  separate  as  a  num- 
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ber  ol"  siiiiiU  granular  rings.  Al  [Uv  lime  oT  mitosis,  about,  one- 
hall"  llif  (iuanlil>  ol  niilochondria  is  scparalecl  inlo  each 
(laughler  cell  by  the  plane  of  division.  The  mitochondria  are 
exlremeh  [)lastic  bodies  and  react  moi'e  rapidly  than  any 
oilier  cell  siruelure.  Their  shape  is  easily  inl'luenced  !)>•  heal. 
carl)on  dioxide,  acids,  alkalies,  lal  solvents  and  ix^lassium 
permanganate,  or  by  changes  in  the  osmotic  pi'essui'e  ol'  tlie 
surrounding  medium.  The  mitochondria  are  stained  in  Ihe 
living  ceils  by  Janus  green,  but  not  by  -Nile  blue  B  extra 
or  brilliant  crcsyl  blue  2  b  except  in  the  dead  cell.  There 
was  no  evidence  of  a  direct  relation  between  the  mito- 
chondri'i  and  the  formation  of  either  the  fat  drojilets  or 
the  vacuoles. 

The  generation  granules  and  vacuoles  do  not  arise  from 
the  mitochondria  0\.  H.  L  e  wis)  aco  a)  gy  j^e  combination 
stain  of  neutral  red  and  Janus  black  Xr.  2,  the  degeneration 
granules  are  stained  bright  red  and  the  mitochondria  blue- 
black.  Clertain  fixatives,  especially  those  containing  acetic 
acids,  destroy  the  mitochondria  leaving  the  granules  un- 
affecleil.  Also  Prigosen^^-)  was  able  to  distinguish  l)e- 
tween   degeneration  granules   and   mitochondria. 

The  pigment  formation  was  studied  in  vitro  by  T.  S  m  i  I  h 
*^-).  He  found  that  there  was  no  connection  between  mito- 
chondria and  the  pigment  formation.  He  studied  the  pig- 
ment in  the  retinal  epithelium  of  the  chickens  eye  and 
found  that  the  pigment  granules  were  usually  plump  rods, 
the  length  varying  from  one  and  a  half  to  five  times  theii' 
width.  The  colour  was  mostly  dark  brown  or  black.  Light 
and  heat  had  a  marked  influence  on  the  movement  of  the 
pigment,  in  form  of  acceleration.  They  moved  with  a  swift 
and  jerky  motion.  Smith  observed  also  the  pigment  granu- 
les or  rods  in  the  culture  fluid,  —  a  thing  which  I  can 
only  confii-m.  I  observed  these  long  ago  in  the  embryonic 
tissue  juice,  and  thought  at  first  that  they  were  bacilli,  — 
further  examination  jjroved  however  to  me,  that  they  were 
the   pigment  rods  from  the  retina.   They   had   precisely    the 
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same  iorm  as  lubcrclc  l)acilli  and  absorbed  tlie  ordinary 
bacterial  stains.  \\  hen  1  stained  these  with  methylene  blue, 
thinking  they  were  genuine  bacteria,  they  al)sorbed  the 
slain  readily,  often  a  little  irregularly,  somewhat  similarly 
to  that  of  bac.  diphteria,  sliowing  granules  and  cross-stria- 
tion.  I  was  unable  to  observe  at  that  time  if  these  bacilli- 
looking  rods  were  able  to  multiply  independently  ')f  the 
cells. 

In  this  connection  it  must  be  mentioned  here,  that  W  a  1- 
1  i  n  50^'  claimed  quite  recc^ntly  to  have  cultivated  the  mito- 
chondria in  a  special  culture  medium  independently  of  the 
cells.  If  this  be  true,  the  cell  is  no  longer  the  elementally 
organism  of  the  bod}^,  consequently  the  A 1 1  m  a  n  n  theorj^ 
is  proved. 

According  to  S  m  i  t  h,  he  observed  in  the  cultures  of 
the  retina]  pigment  cells,  cultivated  in  Locke-Lewis  so- 
lution that  these  free  granules  underwent  Brownian  mo- 
tion. Each  of  the  cultures  observed  contained  also  a  certain 
number  of  blood  cells  carried  over  with  the  explant.  The 
red  blood  cells  (nucleated)  showed  no  tendencj'  to  take  up 
the  loose  granules.  The  clasmotocytes  did  it  so  readily  that 
the\^  often  became  quite  black  with  granules.  Some  of  the 
connective  tissue  cells  also  took  up  the  pigment  —  but 
not  so  readily  as  the  clasmotocytes.  This  is  a  fact  which 
is  rather  important  to  know  because  of  the  precautions  to 
be  taken  when  further  studies  are  to  be  undertaken  on  the 
question  of  pigment  formation.  1  myself  have  observed  that 
the  epithelium  from  the  iris  produced  pigment,  but  only 
when  the  cells  were  allowed  to  remain  in  the  same  culture 
medium  for  more  than  3 — 4  days.  In  the  ordinal'}^  cultures, 
transferred  everj^  second  day,  no  pigment  formation  was 
observed.  Recently  E  b  el  ing  i*^-^)  gave  a  report  of  an  18 
months  old  strain  of  iris  epithelium  in  which  report  he 
claimed  that  the  strain  still  produces  masses  of  pigment. 
One  has  to  be  extremely  careful  in  the  conclusion  that  pig- 
ment formation  actually  takes  place,  when  we  consider  the 
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presence  ol'  j)ignu'iil  rods  and  "granules  all  the  lime  in  llui 
culUirc  medium. 

Smith  ohscrvcd  llial  Ihc  |)i<,nnent  rods,  lakcn  up  by 
Hie  ril)r()l)lasts.  appeared  [o  swell  up  and  Ihere  was  an  ac- 
tual decrease  in  colour.  Such  decolourizalion  did  not  take 
place  in  the  granules  of  the  j)i<)inent  e|)itheliiim.  The  pig- 
ment granules  look  up  the  neutral  nnl  in  the  cultures  and 
the  slain  remained  there  even  alter  I'ixaliou  in  Zenker  s 
fluid. 

Smith  found  that  if  he  stained  the  cells  with  the  com- 
bination stain  of  neutral  red  and  Janus  green  the  mito- 
chondria stained  bright  blue  with  Janus  green  and  the  pig- 
ment granules  took  uj)  the  red.  This  differential  slain  between 
mitochondria  and  the  degeneration  granules  and  pigment 
has  been  use<l  also  by  Cow  dry  i'^)  and  Lewis  and 
Lewis'*''^).  Smith  did  not  find  that  the  pigment  gra- 
nules were  extruded  from  the  nucleus.  There  was  no  evi- 
dence that  the  mitochondria  changed  into  pigment.  The 
pigment  granules  arise  and  develop  in  the  cytoplasm  of  the 
cell.  Small  colourless  granules  were  seen  in  the  cytoplasm 
of  the  cells,  cultivated  12  hours;  these  granules  increased  in 
size,  number  and  colour  until  the}^  became  rod-shaped  and 
black  of  coh)ur.  The  formation  could  be  distinguished  in. 
two  stages:  a)  the  formation  of  a  coloui'less  chromogen 
and  b)   the  production  of  colour   in   the   chromogen. 

Matsumoto  ^o^)  investigated  the  granules,  vacuoles  and 
mitochondria  in  the  sympathetic  nerve  fibres.  He  found 
that  there  was  not  a  regular  distribution  of  the  mitochondria 
in  the  fibres  or  nerve  end.  The  finding  of  this  would 
of  course  be  expected  if  the  mitochondria  gave  rise  to  the 
neurofibrillse,  such  as  has  been  claimed  by  several  inves- 
tigators. 

The  structure  of  certain  male  germ  cells  has  been  studied 
by    Chambers  116)    (i  o  1  d  sc  h  m  i  d  t  223)   and    M.     R.    L  e- 
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ExperimcMilally  the  vacuolalion  and  dogeneralion  of  the 
lissue  cells  have  been  studied.  The  introduction  of  bacillus 
typhosus  in  the  hanging  drop  of  the  tissue  cultures  resulted 
in  rapid  vacuolalion  of  the  cells  according  to  M.  R.  L  e- 
w  i  s  343^  The  effect  of  certain  strong  oxidizing  agents  as 
potassium  permanganate  on  mesenchyme  cells  in  tissue  cul- 
tures  was   tried  by  M.    R.   L  e  w  i  s  ^eo  e^ 

The  formation  of  fat  droplets  in  explanted  cells  and 
the  presence  of  glycogen  in  certain  tissues  under  various 
conditions,  were  studied  by  M.  R.  Lewis  ^^'^)  ^lu) 

In  certain  degenerating  mesenchyme  cells,  cultivated  in 
vitro,  W.  H.  LeW'is^iioc)  observed  rather  often  giant  cen- 
trospheres  develop  around  the  centi'iole.  Just  before  the 
appearance  of  the  centrosphere  the  centriole  is  surrounded 
by  degeneration  granules  and  vacuoles.  The  mitochondria 
become  orientated   alx)ut  the  centriole   and   centrosphere. 

These  giant  centrospheres  are  interesting  because  they 
are  claimed  by  Lewis  to  be  identical  with  the  cancer 
cell  conclusions  (P  1  i  m  m  e  r  s  bodies,  cancer  parasites).  B  o  r- 
r  e  1  1^)  thought  that  these  bodies  found  in  cancer  cells  were 
the  centrosomes  of  normal  cells. 

According  to  Lewis  it  seems  surprising  to  find  an  en- 
largement of  the  centrospheres  common  to  such  different 
types  of  cells  as  epithelium  and  embryonic  mesenchyme. 
It  is  probable  that  the  fundamental  metabolic  processes 
are   similar. 

The  giant  centrospheres  occurred  in  degenerating  mesen- 
chyme cells  in  the  tissue  culture,  where,  as  L  e  wm  s  says, 
we  can  to  a  certain  extent  control  the  environment;  there- 
fore the  solution  of  this  question  is  probably  within  the 
limits  of  experimentation.  —  The  cultures  were  made  in 
the  usual  way,  and  the  factors  producing  this  type  of  dege- 
neration arc  not  yet  known.  The  illustrations  in  L  e  w  i  s's 
article    demonstrating   this    are   extremely   beautiful. 
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AmtlluT  liUMn  ol'  (Icuit'iicralion  is  llic  j^ianl  fells,  tli','  ffe- 
nesis  ol'  wliicli  is  slill  unknown  Aircaciy  from  Ihc  very 
early  days  ol"  lissue  cnllivalion  L  a  ni  h  c  r  I  -"''^i  has  sludicd 
llu'  I'ornialion  ol"  Ihe  Torciifn  Ixjdy  <fianl  (U'lls  in  xiiro.  lie 
inlioduced  I  y  e  o  p  o  d  i  n  ni  spores  into  eullures  ol'  s|)leen. 
lie  also  observed  thai  olhei*  I'oi'ei.uin  bodies,  such  as  collon 
threads  or  the  coverglass  itself  initialed  the  formation  of 
giant  cells.  I  myself*)  found  in  old  degenerated  euliures 
of  ei)ithelium  giant  cells  with  ahoul  .')()  nuclei. 

There  has  been  much  discussion  as  to  the  mechanism  of 
the  formation  of  giant  cells.  The  general  assum|)tion  of  the 
origin  of  the  giant  cells  is  that  of  the  fusion  of  few'  or 
several  large  mononuclear  wandering  cells.  The  other  pos- 
sibility of  origin  for  the  giant  cells  is  that  the  nucleus 
divides  without  division  of  the  cytoplasm.  W.  11.  Lewis 
and  Webster  ^*^-)  have  observed  one  clear  case  w^here 
the  nucleus  divided  amitotic  without  any  division  of  the 
cytoplasm.  They  also  concluded  that  the  giant  cells  seemed 
to  be  formed,  for  the  most  part,  within  the  exi)lanl  and  to 
misrate   out    after   their  formation. 


The  origin  and  formation  of  the  various  intercellular 
substances  has  been  studied  by  means  of  tissue  cultivation. 
The  hyaline  substance  of  the  cartilage,  the  bone  formation, 
the  enamel  of  the  teeth,  the  fibi'ous  fibrilhe  of  the  con- 
nective tissues  and  so  forth  will  find  an  useful  method  in 
explantalion. 

INIuch  discussed  is  the  origin  of  the  connective  tissue 
fibres.  The  stud}'  of  fixed  and  stained  preparations  of  tis- 
sues has  so  far  failed  to  decide  the  origin  of  the  con- 
nective tissue  fibrilhe.  It  is  still  an  open  question,  whether 
the  fi])rilhe  arise  within  the  fibroblasts  or  from  an  inler- 
eellular    substance. 


*)  Fischer,  A.    Unpublished  experiments. 
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II  is  ol"  course  not  in  place  here  lo  go  into  llie  lilcraUire 
ol"  Ihe  origin  of  the  connective  tissue  til)res.  hul  only  lo 
refer  lo  some  of  the  most  imporlanl  {)apers  dealing  with 
Ihe   problem    from  the  point   of  view   of  tissue   explantation. 

One  would  think,  that  the  modern  technique  of  cul- 
tivating tissue  cells  in  vitro,  would  he  just  the  method  for 
the  solution  of  the  problem.  It  is  to-day  still  an  open 
question,  whether  the  fibrilhr  are  intra-  or  extracellular 
products. 

Baits  ell  '^)  has  shown  in  his  beautiful  work,  that  it 
is  the  fibrin  network  in  the  plasma  clot  which  is  trans- 
formed into  fibrillse  under  the  influence  of  various  me- 
chanical factors.  The  main  conclusion  of  Baitsell  is  that 
this  transformation  of  the  fibrin-network  into  connective 
tissue  fibres,  can  take  place  without  the  presence  of  any 
living  or  dead  tissue  cells. 

Harrison  251)  has  shown  that  it  is  absolutely  n  e- 
c  c  s  s  a  r  5'  for  the  tissue  cells  to  have  a  frame  work  or 
supporting  apparatus  for  the  growth  and  movements  of 
the  cells.  This  has  already  been  claimed  by  L  e  o  Loeb^so) 
long  ago,  w^hen  he  termed  the  phenomenon  stereotro- 
pismus.  Any  one  who  has  worked  a  little  with  tissue 
explants  will  soon  have  realized  that  tissue  cells  die  very 
rapidly   when    placed   in   a  liquid   medium. 

Baitsell  "')  shows  that  frequently  a  definite  reaction 
occurs  when  a  piece  of  tissue  is  placed  in  the  plasma. 
Shortly  after  the  tissue  is  placed  therein,  fibrilhe,  resembling 
the  connective  tissue  fibrilliie,  are  formed,  which  to  begin 
with  are  (luite  small.  By  and  by  the  fibres  increase  in  size 
and  number,  and  branch  in  all  directions.  The  fibi*es  arc 
most  solid  near  the  tissue  and  from  here  thej^  branch  out 
into  the  plasma  in  all  possible  directions.  Certain  tissues 
give  rise  to  fibrillse  much  more  quickh^  than  others;  spleen 
tissue  develops  fibrillse  very  rapidly.  These  experiments 
seem  to  prove  that  the  formation  of  the  fibrillse  does 
not   take   place  as   an   outgrow-th   from    the  tissue   itself,  but 
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thai  il  is  a  ti-anst'onnalion  of  llic  lihrin-ncl  \n  llu-  plasma 
clol  When  tin-  ciilliircs  <rcl  older,  llic  cnlirc  i)lasma  is 
Iransroniu'd    lo    thick,    reticular    and    branching    librilkv. 

Scrum  i)rci)aralions  always  Failed  lo  show  any  fibre  for- 
mation, which  indicates  that  the  fibres  are  lormed  by  a 
transformation  of  the  fibrin-nel  and  not  as  an  oulgrowlh  of 
the  embedded  tissue.  My  own  experimcnls  on  the  cullivalion 
of  comjjlex   tissues  in  serum   seem   lo   confirm   Ibis. 

If  tissue  juice  is  added  to  Ihe  })lasma.  but  no  tissues, 
no  fibres  are  formed.  In  other  experiments  B  a  i  t  s  e  1 1  ad- 
ded to  the  plasma  dead  blood  cells  and  in  other  experiments 
living  blood  cells  or  starch  grains.  In  the  plasma,  lo  which 
living  blood  cells  were  added  fibres  were  formed  ~  but 
not  in  the  plasma  containing  the  dead  cells  or  the  starch 
grains.  Hail  sell  found  that  a  mere  manipulation  of  the 
plasma  with  the  preparation  needles  caused  the  formation 
of  fibrillse.  This  indicates  that  mechanical  factors  play  an 
important   role    in   the   formation    of    fibrillar. 

In  these  studies  of  the  transformation  of  the  clot  in 
tissue  cultures,  living  tissues  were  present  and  allhrough 
these  experiments  indicate  that  the  formation  of  the  fibres 
was  not  due  to  an  intracellular  action,  the  question  could 
possible  be  solved  by  the  elimination  of  the  living  tis- 
sues from  the  plasma.  B  a  i  t  s  e  1 1  shows  therefore  in  a 
very  striking  way  that  the  plasma  clot  can  be  transformed 
to  a  new  fibrous  tissue,  without  the  presence  of  any  tissues, 
but  under  the  influence  of  various  mechanical  factors. 

A  typical  clol  of  plasma,  as  it  can  be  obsci'\Td 
with  the  ullramicroscope,  is  a  netw'ork  of  connecting  fila- 
ments, a  crystalline  gel.  The  coagulation  as  it  is  observed 
through  the  ullramicroscope,  is  beautifully  described  by 
Baits  ell  and  accompanied  walh  photographs.  By  pressing 
the  coverglass  against  the  fibrin  clot  during  the  coagulation 
for  a  short  time,  big  consolidated  fibrillse  are  formed  which 
look  exactly  like  these  found  in  vivo.  If  the  fibrin  clot 
is   exposed   to   a  pull,  one  will   see  fibrillse  in   the  direction 
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of  the  force;  these  fibrillae  increasing  in  length  iuid  (Ua- 
meter.  The  fibrillar  are  located  in  the  (lireclion  ot  the  line 
of  forces  of  the  clot.  If  the  clot  is  suspended  in  a  moist 
chamber,   the   fibrillar  will  liave  the  direction  of  the  gravity. 

Bj^  the  histological  examination  of  the  artificial  fibrous 
tissue,  it  was  shown,  that  there  was  no  difference  between 
those  and  the  wavy  bundles  of  fibrous  tissue  in  vivo.  They 
were  stained  in  exactly  the  same  way  by  Mai  lory's  con- 
nective tissue  stain.  The  illustrations  in  the  papers  of 
Bait  sell  are  beautiful  and  convince  us  (hat  liie  fibrous 
tissue    artificially    produced    is    identical    with    that    in   vivo. 

It  is  of  course  well  known  that  the  supporting  structures 
of  the  organism,  are  laid  down  in  exact  correspondance 
to  the  definite  stresses;  it  is  therefore  concluded  that  tiic 
various  mechanical  factors  are  introduced  during  develop- 
ment, such  as  has  been  described  by  B  a  i  t  s  e  1 1  to  he  the 
case  with  the  plasma  clot. 

The  other  point  of  view  as  to  the  origin  of  the  fibrous 
tissue  fibrillar,  the  intracellular  origin,  which  standpoint 
is  taken  from  experiments  on  tissue  in  vitro,  is  represented 
by  M.  B.  Lewis  ^39)  Yhe  fibroblasts  were  cultivated  ac- 
cording to  M.  B.  Lewis,  in  fibrin-free  media,  and  on 
the  coverglass  as  support  for  the  cells.  The  cultures  of 
fibroblasts  grow  then  in  a  way  similar  to  endothelium  and 
by  special  preparation  (nitrate  of  silver  and  vapour  of 
osmic  acid)  demonstrate  the  connective  tissue  fibrilla?.  M.  B. 
Lewis  was  able  to  observe  mitochondria  in  the  finest 
fibrillae,  a  fact  which  speaks  clearly  for  the  cellular  origin 
of  the  fibrils  observed  by  L  e  w  i  s.  Probably  the  fibrillse 
of  Baits  ell  and  the  fibrillae  of  Lewis  are  two  different 
things,    which    both    occur    in   vivo. 

I  myself  am  most  inclined  to  assume  that  the  B  a  i  t  s  e  1 1 
theory  is  the  most  correct.  Both  kinds  of  fibrilhr  do  exist 
in  the  body.  Those  of  Lewis  are  probably  the  syndes- 
motic  fibrillic  connecting  the  tissue  cells  in  general  and 
which  play  the  important  role  in  the  function  of  the  tissues, 
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—  aiul  Ihoso  of  B  a  i  I  s  I' 1  1  m-c  llic  connective  tissue  fibres 
as    such. 

The  fil)rill;e  dcseriht-d  l)y  Lewis  as  eoiilaiiiini*  mito- 
chondria are  the  long  delicate  protoplasmic  eonneclioiis 
between  the  tissue  cells,  fibroblasts  and  epilhelial  cells, 
and  they  play  quite  another  r(Me  for  the  cells  liian  do  Ihe 
connective  tissue  fibrilUi'  accordinj;  to  Raitsell;  the  latter 
are  the  actual  supporting  apparatus  of  the  tissue  cells  in  vivo 
and   a  product  of  the  coagidable  substances  of  the  humors. 

According  to  M.  R.  Lewis  she  never  observed  the  mito- 
chondria to  fuse  into  strands  or  become  arranged  in  rows 
to  form  connective  tissue  fibrills  such  as  sevei'a!  investiga- 
tors   have    stated. 

The  formation  of  intercellular  substance  of  cartilage  can 
probably  successfully  be  studied  in  \ilro.  Carrel  and 
Burrows  ^*)  have  cultivated  conjugal  cartilage.  They 
observed  that  the  cartilage  grew  in  the  same  culture  and 
increased  very  much  in  size.  They  did  not  observe  any 
disintegration  of  the  hyaline  substance  in  the  way  Fischer 
19*)  has  described  it,  as  being  the  case  with  the  cartilage 
from  the  eycbulb  of  the  chicken.  I  never  observed  any  for- 
mation of  hyaline  substance  in  vitro.  A  slight  variation 
in  the  composition  of  the  culture  medium  would  probably 
cause  the  cartilage  cells  to  form  intercellular  substance; 
it  is,  however,  still  an  unknown  field.  It  is  quite  remark- 
able that  the  cartilage  from  the  pars  cartilago  sclera? 
of  the  chicken  eye.  disintegrates  entirely  when  embedded 
in  the  plasma  medium  and  the  cells  die.  but  as  soon  as 
it  is  placed  on  the  free  surface  of  the  clot,  il  coinmenccs 
to  grow  and  the  cells  mullij)ly.  This  fact  seems  to  indicate 
that  the  physical  forces  prevailing  on  the  surface  of  the 
clot  is  a  conditio  sine  ([  u  a  non  for  the  growth  of 
the    cartilage    cells    in    vitro. 

(Concerning  the  investigation  of  the  various  bone-sub- 
stances and  the  bone-forming  elements  in  vilro  very  little 
or   nothing   at   all   has   been    published    so   far. 
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Using  tissue  cultivation  as  a  morphological  and  anatomical 
method,  it  is  still  greatly  limited  by  uncertainty  in  the 
classification  of  the  many  cell  types.  As  we  have  learned 
now,  the  shape  of  the  cells  cannot  be  employed  in  the 
classification.  The  morphology  of  the  tissue  cells  may 
change  according  to  the  mechanical  conditions  of  the  culture 
medium  (Uhlenhuth)  ^^^).  Epithelial  cells  in  vitro  may 
appear  polygonal,  s({uamous.  thin  and  elongated,  fusiform 
like  fibroblasts  and  so  on.  The  only  and  best  way  of  distin- 
guishing between  the  various  cells  in  vitro,  is,  as  suggested 
by  C  o  n  g  d  o  n  i^^)  to  trace  the  outgrowth  back  directly 
to  their  source  in  the  parent  tissue.  For  this  purpose 
sectioned  cultures  are  necessary.  The  interrelation  and  the 
structures  of  the  tissues  generally  disappear  a  short  time 
after  explantation.  Tubules  can  be  seen  to  grow  out  from 
kidney  to  begin  with  or  solid  processes  may  grow  as  a 
loose  mesh  (Lewis  and  Lewis)  3-^3)  Most  explants  con- 
tain several  types  of  cells  that  migrate  out  into  the  medium, 
some    of    wliich    are    rather   eas}^    to    identify. 

Nerve  fibres  from  the  central  nervous  system  have 
been  observed  by  Harrison  ^is)  219)  jn  his  pioneer  work, 
where  he  showed  that  the  regeneration  of  the  axis  cylinder 
is  a  kind  of  protoplasmic  movement,  and  that  from  the 
neuroblasts  of  H  i  s.  hyaline  threads  grew  out  which  in- 
creased in  length  by  means  of  ameboid  movements.  Later 
B  u  r  r  o  w  s  27)^  I  n  g  e  b  r  i  g  t  s  e  n  -' ^ ).  Levi  329)^  Lewis  and 
Lewis  3^2)  have  observed  the  same  thing.  M  a  t  s  u  m  o  t  o 
described  the  growth  of  sympathetic  nerves.  I  n  g  e  b  r  i  g  t- 
s  e  n  272)  studied  the  degeneration  processes  of  the  axis 
cjdinder  in  vitro.  M  a  r  i  n  e  s  c  o  and  Mine  a  ^oi^oo)  investi- 
gated in  large  dishes  the  growth  of  the  axis  cylinders  from 
spinal    ganglia    of   young   cats    and    rabbits    in    plasma. 

Endodermal  membranes  from  the  cells  lining  the 
alimentary'  tract  and  allantois  were  studied  by  L  e  w  i  s  and 
Lewis  350)  and  Lambert  289),  The  identification  of  these 
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cells  Mild  tissues  was  liiuilly  iikkIc  hy  Lewis  and  L  e- 
w  i  s    :5^3). 

I'"  c  to  derm  I'roni  skin  was  sliidicd  l)y  (larrel  and 
U  II  I- row  s  ■'  .  L  a  in  he  r  I  -"'i.  T  h  I  e  n  h  ii  I  li  ''"  H  u  111  "■';. 
Holmes  -'•^).  ()  |i  ])  c  1  '•').  M  a  I  s  II  111  o  I  o  ""^  ;  IVom  tlie 
amnion  by  Lewis  and  Lew  is  'j^j  iVom  Ihe  relina  by 
rii  I  e  n  h  u  I  li  '■'' ,  L  ii  n  a  '-•  >.  Smith  ^''-),  V  i  s  c  li  e  r  2"0). 
and  from  Ihe  iris  by  F  i  s  e  h  e  r  "*-),  E  b  e  1  i  n  g  and  V  i  s  e  h  e  r 
167),   Ebeling   les). 

Liver  cells  also  form  membranes  similar  (o  the  enioderm 
and  were  described  by  Lynch  •''!•").  '['lie  renal  epithelium 
trom  the  lubules  also  grows  out  in  the  form  of  membranes 
or  sheets  (Lewis  and  L  e  w  i  s)  •'■'^^;.  and  sometimes  as 
tubules  ((^hampy)  i^O);  n^.  thyroid  gland  cells  grow  out 
either  as  tubules  or  membranes,  ((barrel  and  Burrows; 
^*).  Recently  Ebeling*)  claimed  to  have  cultivated  the 
thyroid  gland  cells  pure  for  a  long  period  of  lime,  which 
were    |)roducing  colloid    substance   all   tlie   lime   in   vitro. 

Blood  cells  and  wandering  cells  from  the  s|)leeii  have 
been  studied  by  Carrel  and  Ebeling.  '"'i  I'' o  o  t  -i*') 
M  a  X  i  m  o  f  f  i^");  bone  marrow  cells  by  C  a  r  r  e  I  and 
Burrows  ^4)  Erdmann  ^'^-):  Lymph  nodes  by  Lewis 
and   W  e  b  s  t  e  r  •^•'■^;;  Thymus   by   P  a  p  p  e  n  h  e  i  m  e  r  *^^). 

Skeletal  muscle  has  been  beautifully  described  by 
M.  R.  Lewis  ■^^'^^  and  Lewis  •^•''^).  They  sup[)ose  that  the 
cross  striated  muscle  fibres  grow  belter  in  Locke's  solution 
than  in  any  other  media,  since  among  the  numerous  con- 
tributions lo  tissue  cullure.  so  lillle  has  been  said  about 
cross  striated  muscle  by  other  observers  who  have  used 
plasma  media.  Lewis  and  Lewis  obtained  such  abundant 
outgrowth  of  muscle  in  their  cultures.  They  describe  that 
the  muscle  fibres  were  able  to  contract  rhythmically  for 
long  periods  of  time.  It  was  observed  that  there  is  a 
marked    tendency    for    anastomosis    and    fusion    of    muscle 


*)  Ebeling,   A.  H.    Personal  communication. 
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buds  cilher  directly  or  by  branches.  The  oiilf^rowlh  of 
muscle  reseuiblcs  very  much  thai  of  nerves  in  lissue  culture. 
There  is  one  capital  difference,  namely  that  the  nerve  out- 
growth is  entirely  without  nuclei,  while  the  muscle  fibre 
contains  many  nuclei  both  in  the  protoplasmic  buds  and 
in    the    connecting    fibres. 

P  r  e  m  u  s  c  1  e  was  studied  by  C  o  n  g  d  o  n  i*'^),  H  e  a  r  t 
muscle  has  been  studied  by  Burrows  -^)  ^9),  Congdon 

1«),    Levi    328)    333)    and    O  1  i  V  O    427)    428). 

Smooth  muscle,  rather  the  ordinar}'  mesenchyme,  has 
been  studied  by  Lewis  and  Lewis  ^ss)  ]\,j  i\  Lewis 
3*3).  The  contraction  of  the  smooth  muscle  cell  was  studied 
by   M.   R.   Lewis  357). 

The  connective  tissue  cells  from  adults  have 
been    beautifully    described    by    M  a  x  i  m  o  w    ^^o). 

The  endothelium  was  investigated  by  Carrel  and 
Burrows  74)  and  W.  H.  Lewis  3go  f). 

The  cartilage  was  studied  first  by  Carrel  and 
Burro  w  s  "*)  and  later  in  pure  permanent  strains  by 
Fischer   i^*). 


VII. 

TISSUE   CULTURE   AS   A   PATHOLOUIUxAL 

METHOD. 


1.    Sliidies  ill  Imnuinily  and  Related  Phenomena. 

Most  serologists  assume,  I  believe,  that  the  h€maloj)octic 
ai)paratus  is  the  place  where  the  antibodies  are  luanii- 
faclured.  Already  in  1901  Romer  ^^s)  suggested  that  the 
lymphoid  system  was  not  the  only  place  where  antibodies 
were  |)ro(luced.  By  injecting  abrin  in  conjunctiva  of  a  rabbit 
immunity  coukl  l)e  obtained.  V.  Dungern  ^^^)  was  able 
also  to  obtain  local  immunity  and  he  concludes  thai  the 
production  of  antibodies  is  not  reserved  to  s|)ecial  cells 
or   organs,    but    that    all    tissue    cells    contribute. 

As  early  as  in  1912  Carrel  and  I  n  g  e  b  r  i  g  t  s  c  n  '■'^) 
demonstrated  that  tissue  cells  cultivated  outside  the  body 
had  retained  their  property  of  reacting  antigens  by  producing 
antibodies.  They  cultivated  guinea  pig  bone  marrow  and 
lympli  glands  in  guinea  pig  plasma.  Goat  blood  was  used 
as  an  antigen,  because  it  was  not  a  I  all  hemolysed  by 
guinea  pig  serum.  The  cultures  of  lx)ne  marrow  containing 
the  goat  blood,  and  their  controls  were  incubated  for  five 
days.  Hereafter  the  presence  of  hemolysins  was  determined 
in    the    fluid    extracted    from    the    culture    medium. 

The  extract  from  the  cultures  was  mixed  with  a  cerlain 
suspension  of  blood  cori)uscles  and  the  hemolytic  power 
investigated   in   the   usual   way. 

The  fluid  of  the  cultures  wliich  contained  goat  blood 
was   now  able   to   hemolvse   markedlv   uoat   red  blood   cells. 
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and    the   serum    Ironi    the    control    cultures    did   not    possess 
any   activity. 

It  was  observed  liiat  the  guinea  pig  leucocytes  took  up 
the   goat  red   blood   corpusles    by    phagocytosis. 

The  nature  of  the  hemolysins  was  also  investigated.  The 
fluid  hemolysed  goal  red  blood  cells  without  the  addition 
of  complement.  Alter  having  been  heated  to  5G  C.  for  half  an 
hour  it  lost  its  hemolytic  power.  Reactivation  could  be 
established  by  adding  complement.  It  was  also  found  that  am- 
boceptor in  the  fluid  from  the  cultures,  could  be  adsorl)ed  l)y 
goat  red  blood  corpuscles  in  4  hours  at  O^'C,  According  to 
these  properties  observed  for  the  hemolysins  produced  in 
vitro,  C  a  r  r  e  1  and  I  n  g  e  b  r  i  g  t  s  e  n  ^o)  concluded  that  tis- 
sues living  outside  of  the  organism  react  against  an  antigen 
by   the  production  of   an   antibody. 

Later  R  e  i  t  e  r  ^^^)  has  worked  with  the  production  of 
antibodies  partly  in  vitro  by  using  the  modified  technique 
of  Liidke^"^');  the  technique  used  by  Reiter  cannot 
be  called  tissue  cultivation  at  all.  He  worked  witli  entire 
organs  from  animals  which  previously  had  been  injected 
with  bacteria  cultures  as  an  antigen.  Reiter  observed  that 
the  production  of  antibodies  began  directlj^  after  the  injection 
of  the  antigen,  and  he  confirms  the  assumption  of  W  a  s- 
s  e  r  m  a  n  n.  P  f  e  i  f  f  e  r  and  D  e  u  t  s  c  h  that  the  antibodies 
are  essentially  a  product  of  the  hematopoetic  organs. 

The  effect  of  specific  hemolysins  of  living  tissues  in 
cultures  has  been  tried  by  H  a  d  d  a  and  Rosenthal  -i*). 
Their  intention  with  the  experiments  was  to  investigate 
the  effect  of  cytotoxins  on  tissue  cells.  This  paper  will 
therefore  be  discussed  when  the  cytotoxic  immunity  and 
cj'totoxins  in  general  will  be  encountered. 

Lately  I  have  ^-'^^  ^^^)  studied  the  action  of  a  small  amount 
of  an  antigen  on  the  rate  of  proliferation  of  fibroblasts  in 
vitro.  My  intention  with  the  experiments  was  to  learn 
whether  it  was  possible  to  have  a  strain  of  fibroblasts 
immunized   against   a   foreign   protein. 
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The  I  (•  (■  li  II  i  (|  u  ('  was  as  lollows:  Ciilliires  of  lihrohlasls 
b('lon<^in^  to  a  9  years  old  strain  Carrel  and  Ebcl  ing 
ii;i)  were  used.  The  i)rei)aration  of  the  cultures  was  made 
in  the  usual  way  and  the  rale  of  <frowLh  measured  by 
projection  of  the  area  of  jfi'owth.  The  anti<fc!n  used  was 
human   ascitic   fluid  or   dog  serum. 

The  culture  selected  loi*  an  exi)erimenl  was  cut  into 
two  equal  parts.  The  one  of  the  fragments  was  cullivaLecl 
in  a  medium  consisting  of  equal  volumes  of  chicken  plasma 
and  fresh  embryonic  tissue  juice.  The  other  fragment  was 
[)laced  in  a  nu'dium  comi)Ose(l  of  e{iual  volumes  of  plasma 
and  emi)ryonic  tissue  juice  to  which  had  previously  been 
added  the  foreign  protein  in  such  a  proportion  that  one 
volume  of  chicken  plasma  and  one  volume  of  the  antigen- 
embryonic  juice  mixture  would  give  the  desired  concen- 
tration. 

These  two  cultures  or  strains  wei'e  nt)w  kept  separately, 
taking  care  that  the  control  culture  was  not  contaminated 
by  foreign  i)r()tein  frcMU  knives  or  needles.  When  transfer- 
red to  a  new  medium,  each  of  the  two  cultures  was  divided. 
One  half  culture  was  used  for  the  continuation  of  the  ex- 
periment, and  the  other  half  was  discarded,  or  used  for 
testing  how^  the  cultures  w'ould  act  w^hen  exposed  to  the 
foreign  protein  in  a  high  concentration.  It  is  necessary 
to  divide  the  culture  every  48  hours,  otherwise  the  central 
portion  of  the  culture  gets  thick,  badly  nourished  and  fin- 
ally necrotic. 

In  other  words,  one  fragment  was  cultivated  in  a  medium 
without  antigen  (control),  the  other  fragment  in  a  mediimi 
with  antigen  (experiment).  After  18  hours  incubation,  both 
cultures,  the  experiment  and  the  control,  were  divided  into 
two.  One-half  of  the  exj^erimental  culture  was  transferred 
to  a  fresh  medium  with  antigen  —  and  one-half  of  the 
control  culture  to  a  fresh  medium  without  antigen.  Both 
the  experimental  and  the  control  strain  were  cultivated 
for  a  long  period  of  time.  The  remaining  halves  of  the  ex- 
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perimenlal  and  control  c'lilliircs  wci-c  used  as  tests  lor 
measuring  the  resistance  gained  Ijv  tlie  immunized  (issue 
at  a  given  time  din'ing  the  experiment.  The  test  was  car- 
ried oul  in  such  a  way  that  the  remaining  halves  of  the 
experimental  and  control  cultures  were  placed  in  a  culture 
medium  containing  the  antigen  in  a  high  concentration. 
50 — 06  per  cent,  which  was  Found  to  have  :i  marked  in- 
hibiting action  on  the  growth  of  normal  tissues.  If  the 
tissue  grown  in  a  medium  containing  a  small  amount  of 
antigen  did  not  constantly  become  immunized,  its  rate  of 
growth  would  be  as  low  as  that  of  the  control  tissue, 
when  both  were  ex])osed  to  a  high  concentration  of  the 
antigen.  Therefore,  the  (juotient  of  the  rate  of  growth 
of  the  experimental  subculture  (immunized  strain 
in  the  high  concentration  of  antigen)  divided  by  the  rate 
of  g r  o  w  t  h  o  f  t  h  e  control  subculture  (non-immuni- 
zed strain  in  the  high  concentration  of  antigen)  expressed 
the  degree  of  resistance  or  immunization.  If  both  immunized 
and  non-immunized  strains,  for  instance,  grew  at  the  same 
rate  in  a  high  concentration  of  the  toxic  antigen,  the  quotient 
would  be  1,  and  no  immunization  had  taken  place.  If  the 
immunized  strain  grew  more  actively  than  the  non-im- 
munized strain,  the  quotient  would  be  higher  than  1.  and 
express  the  degree  of  resistance. 

It  was  observed  that  the  j'ate  of  growth  of  the  two 
strains  during  19  passages  (about  10  days)  was  practically 
uniform,  table  21  and  fig.  46.  The  fluctuations  of  the  rale 
of  growth  are  due,  to  some  extent  to  the  slight  changes  in 
temperature  of  the  incubatoi'  and  similar  periodical  causes. 
In  the  beginning  when  the  control  showed  a  high  rate  of 
growth,  the  experiment  showed  a  lower  rate,  and  vice 
versa,  but  after  about  8—10  passages  both  cultures  showed 
fluctuations  in  the  same  direction. 

Subcultures  were  made  of  the  control  (non-immunized 
strain)  and  both  transferred  into  a  medium  composed  of 
plasma,    embryonic    tissue   juice,    and    the    antigen.    In    one 
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scries  [\\v  suhciilliirc.-.  were  placed  in  media  c()nlainin<^  50  o/o 
anlij»cii  ascitic  lliiid  This  aiiiouiit  exeiied  a  marked  in- 
hil)ilinj4  action  on  Ihe  rale  of  },fro\\ih  ol'  a  normal  culture 
of  lihrohlasls.  The  rale  ol"  <fro\vlh  ol'  the  contiol  cullure 
which  had  nol  heen  ex])osed  to  ascitic  lluid  decrea.sed 
markedly  oi"  died,  t'i^.  17.  Al  i)assages  Xos.  7.  10.  12.  11 
and  17,  hall"  the  tissue  fragmenl  was  cullivaled  in  a  medium 
conlainint^    about    50    per    cent    ol'    ascitic    fluid,    while    the 
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Fig.  46. 
In  all  the  figures  the  ordinates  represent  the  relative  increase  in  square 
centimeters  and  the  abscissae  the  number  of  passages  at  48  hour  intervals. 
The  rate  of  growth  of  tvi'o  cultures  of  fibroblasts,  the  control  (dotted  line) 
cultivated  in  the  usual  homogenic  culture  medium,  the  other  (solid  line) 
in  the  same  medium  containing  7  per  cent  ascitic  fluid. 


other  hair  was  used  lor  the  continuation  of  the  strain.  The 
dots  A,  B.  C,  1)  and  E  fig.  47)  represent  the  rate  of  growth 
of  these  subcultures  during  48  hours.  It  can  be  seen  that 
ascitic  fluid  in  a  concentration  of  50  per  cent  has  a  marked 
inhibiting  power  on  the  rate  of  growth  of  a  normal  culture 
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of  fibroblasts.  The  rate  of  growtli  of  the  fil)roblasls  which 
have  been  cullivaled  in  a  niediuni  containing  7  per  cent 
ascitic  fluid  is  shown  in  fig.  18.  At  the  same  passages  as  in 
the  control  culture,  namely  7,  10,  12,  14  and  17,  subcul- 
tures were  made  in  a  medium  containing  about  50  per  cent 
ascitic  fluid   and   the   dots  A,   B.   C,   D   and   E,   indicate   the 
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Fig.  47. 
The  rate  of  growth  of  the  non-immunized  strain  and  subcultures.  The  dot- 
ted line  represents  the  rate  of  growth  of  fibroblasts  in  homogenic  culture 
medium.  The  solid  lines  (A,  B,  C,  I)  and  H)  represent  the  rate  of  growth 
of  the  subcultures  of  the  non-immunized  strain  in  a  medium  containing 
50  per  cent  ascitic  fluid. 


rate  of  growth.  It  may  be  seen  that  the  rale  of  growth  in- 
creased markedly  instead  of  decreasing  as  in  the  control 
cultures.  These  two  strains  w^ere  no  longer  identical.  There 
was  ahvays  a  sharp  difference  in  their  response  to  the  same 
amount  of  the  same  foreign  protein.  It  was  certain,  that 
the  one  of  the  strains  had  become  adapted  to  the  presence 
of  the  foreign  protein,  while  the  other  was  still  influenced 
by  its  inhibiting  power.  15 
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Rate  of  Growtfi    of 
til;: 


Tiihir   21. 
the  immimized    and    Non-Immunized  Strains  of  Fibro- 
sts  for  a   f^eriod  of  Nineteen  Passages. 


f^elative  increase 

Relative 

increase. 

of  subcultures  in 
50  per  cent 

Pas- 
sage 
No. 

ascitic  fluid. 

Ratio  (^ 

Culture  No. 

Experiment; 

Control; 

homogenic 

medium. 

homogenic 
medium  with 

7  per  cent 
ascitic  fluid. 

Control. 

Experi- 
ment. 

537-1,  537-2 

1 

7.0 

10.2 

549,  550 

2 

9.8 

6.2 

559,  560-1 

3 

9.4 

14.0 

571,  572 

4 

5.6 

8.2 

585,  586 

5 

9.0 

16.8 

599,  600 

6 

12.4 

13.4 

610-1,610-2) 

7 

8.2 

10.2 

2.8 

13.8 

4.9 

611-1,611-2) 

623,  624 

8 

7.6 

15.8 

642,  643 

9 

17.0 

19.0 

659-1,659-2) 

10 

18.6 

9.2 

4.6 

16,2 

3.5 

660-1,  660-2) 

672,  673 

11 

23.9 

17.2 

686-1,  686-2) 

12 

17.4 

15.6 

9.4 

23.2 

2.4 

687-1,  687-2) 

702,  703 

13 

19.0 

20.8 

718-1,718-2) 

14 

10.4 

12.0 

6.0 

23.0 

3.4 

719-1,719-2) 

733,  734 

15 

17.4 

15.8 

749,  750 

16 

12.4 

6.8 

760-1,  760-2) 

17 

10.0 

8.0 

3.8 

8.4 

2.2 

761-1,  761-2) 

775,  776 

18 

13.2 

10.4 

799,  800 

19 

9.0 

12.2 

Peculiar  in  Ihis  c-xpciimcnl.  is  [he  increase  in  rate  of 
growth  of  the  immunized  si  rain,  instead  of  what  was  to 
be  expected,  that  the  rate  of  growth  of  this  strain  should 
be  unaffected.  It  was,  however,  too  constant  a  phenomenon 
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lo  be  an  accidenlal  error,  and  llu-  jjlicnoinciioii  ina\-  l)o 
related  lo  some  kind  ol"  anaphylactic  process.  I-iirtlu-r  ex- 
periments ol"  this  kind  may  probably  throw  some  li.^hl 
upon  llie  mystei'ia  of  anaphylaxis  and  anyway  lead  lo  in- 
teresting observalions. 
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Fig.  48. 
The  rate  of  growth  of  the  immunized  strain  and  subcultures.  The  dotted 
line  represents  the  rate  of  growth  of  fibroblasts  in  the  culture  medium 
containing  7  per  cent  ascitic  fluid.  The  solid  lines  (A,  B,  C,  D  and  E) 
represent  the  rate  of  growth  of  the  subcultures  of  the  immunized  strain  in 
a  medium  containing  50  per  cent  ascitic  fluid. 

The  rale  of  growth  of  Ihe  immunized  strain  in  the  high 
concentration  of  antigen,  divided  by  the  rale  of  growth  of 
the  non-immunized  strain  in  the  high  concentration,  ex- 
presses the  degree  of  immunization  or  resistance  lo  the 
toxic  action  of  the  foreign  protein.  Fig.  49  is  a  curve  whicli 
indicates  the  degree  of  immunization  at  given  periods  during 
the    long    experiment    of    the    17    passages.    The   curve   rises 

15* 


228 


(10—12  (lays  nl'lcr  the  l)c'fTinniii}^f  of  llic  cxpcriincnl ;.  Al'lor- 
wards.  llio  curve  declines  slowly.  This  and  some  oilier 
experiinenls  lig.  50  remind  one  of  some  carried  out  by 
.lor  gen  sen    and    M  a  d  s  e  n  -'"';,    in    which    Ihey    show    Ihc 
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Fig.  49. 
Curve  showing  the  variations  of  the  degree  of  immunization  of  fibroblasts 
through  seventeen  passages.  Human  ascitic  fluid  was  used  as  antigen  in 
a  concentration  of  7  per  cent.  The  ordinates  represent  the  quotient  of  the 
rate  of  growth  of  the  immunized  strain  divided  by  that  of  the  non-immu- 
nized strain  in  a  high  concentration  of  antigen,  and  tlie  abscissae  the  num- 
ber of  passages. 


amounl  of  agglutinin  produced  hy  a  goal  under  the  in- 
ralher  abruptly  and  reaches  a  maximum  al  Ihe  51  h  passage 
flucnce  of  continued  injections  of  the  antigen,  cholera  ba- 
cilli; Ihe  conditions  being  almost  the  same  as  in  my  own 
experiment. 


229 


Table  3?. 
Immunization  of  Fibroblasts  by  Dog  Serum  in   1,4    Per  Cent  Concentration 

of  Antigen. 


Culture  No. 


Passage  No. 


Ratio  of  subcultures  of 
immunized  and  non- 
immunized  strains. 


1118—2,  1119—2 
1257—2,  1258—2 
1602—2,  1603—2 
1670-2,  1671—2 
1637—2,  1638—2 
1456—2,  1457—2 
1908—2,  1909—2 


0,92 
1,14 
1,06 
1,23 
2,13 
1,90 
1,17 


Table  23. 
Immunization  of  Fibroblasts  by  Dog  Serum  in  4  Per  Cent  Concentration  of 

Antigen. 


6 
Z 

be 

CO 

Ra 

tio. 

Culture  No. 

Immunized 
and  non- 
immunized 
strains. 

Non- 
immunized 
strain  and 
its  sub- 
culture. 

Immunized 
strain  and 
its  sub- 
culture. 

Subcultures 
of  immuni- 
zed and 
non-immu- 
nized 
strains. 

1180,  1181 

1 

0.68 

1216-1,  1216-2) 
1217-1,  1217-2) 

2 

1.90 

0.43 

0.36 

0.86 

1255-1,    1255-2) 

3 

0.51 

0.50 

0.30 

0.60 

1256-1,   1256-2) 

1289,  1290 

4 

1.03 

1326-1,  1326-2) 
1327-1,   1327-2) 

5 

1.17 

0.25 

0.59 

2.40 

1361,   1362 

6 

2.00 

1397-1,  1397-2) 
1398-1,   1398-2) 

7 

2.80 

0.30 

0.41 

1.40 

1452,   1453 

8 

0.30 

2:{n 


Table  U. 
Immunization  of  Fibroblasts  by  Dog  Serum  in  8  Per  Cent  Concentration  of 

Antigen. 


Culture  No. 

Passage  No. 

Ratio  of  subcultures  of  immunized 
and  non-immunized  strains. 

1491    -2,   1492—2 

2 

1.95 

1713     2,   1714—2 

3 

1.25 

1489—2,  1490—2 

4 

0.60 

1538—2,  1539-2 

5 

0.25 

1094—2,  1095—2 

6 

0.30 

1170     2,   1171      2 

8 

0.45 
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Fig.  50. 
Curve  showing  the  degree  of  immunization  of  fibroblast  through  twenty-two 
passages.  Human  ascitic  fluid  was  used  as  antigen  in  a  concentration  of 
7  per  cent.  The  ordinates  represent  the  quotient  of  the  rate  of  growth  of 
the  immunized  strain  divided  by  that  of  the  non-immunized  strain  in  a  high 
concentration  of  antigen,  and  the  abscissae  the  number  of  passages. 


In  olher  expcrimcnls  clog  scM'iini  was  used  as  antigen  and 
similar  resiills  were  obtained.  The  dog  serum  was  found 
lo  be  a  good  deal  more  toxic  against  chicken  fibroblasts 
than  the  human  ascitic  fluid. 

All  investigation  was  made  as  lo  the  concentration  of 
the  antigen  used  and  the  degree  of  immunization  of  a  strain 
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of  fibroblasts.  l)o<^  sera  wtM'o  used  whicb  liad  a  inai'kcd 
loxic  effect  on  tbe  fil)roi)Iasts.  \\  ben  1.1  jxt  cent  antij^en 
was  added  lo  the  culture  medium  as  a  small  daily  dose,  tbe 
maxiuium  degree  of  immunization  or  resistance  was  reached 
at  al)Out  tbe  6—8  passage,  (table  22  and  fig.  51  .  \Mu'n  I 
l)er  cent  antigen  was  added  to  Ihe  culture  medium,  tlie 
maximum  degree  of  resistance  was  reached  at  tne  5th 
passage,  (table  23).  When  8  per  cent  antigen  was  used,  the 
maximum  degree  of  immunization  was  reached  at  the  se- 
cond passage  already,  (fig.  52,  table  24,.  A  high  concentra- 
tion   of    antigen    caused    a  quick    rise    of    resistance    wliicb 
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Fig.  51. 
Curve  showing  ttie  variations  in  tlie  degree  of  immunization  of  fibroblasts 
throughi  nine  passages.  Dog  serum  was  used  as  antigen  in  a  concentration 
of  1.4  per  cent.  Ttie  ordinates  represent  tlie  quotient  of  ttie  rate  of  growtti  of 
ttie  immunized  strain  divided  by  ttie  rate  of  growtti  of  the  non-immunized  strain 
in  a  high  concentration  of  antigen,  and  the  abscissae  the  number  of  passages. 


lasted  only  a  short  lime,  whereas  the  maximum  degree  of 
immunization  was  reached  relatively  late  and  lasted  long, 
when  a  small  amount  of  antigen  was  used.  This  is  also 
found    by    earlier    experiments    in    vivo,    (T  h  o  r  b  o  r  g  ^■"^). 

The  experiments  here  ai*e  of  course  only  to  be  con- 
sidered as  a  kind  of  exploration  in  this  field  of  investigation. 
The  results  anyway  show  clearly  that  fibroblasts  respond 
also  to  the  presence  of  a  foreign  protein  in  the  medium  and 
become    immunized    and    tliere    is   doubtlesslv    a  rehition   be- 
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tween   the   amoiinl   of   antigen,    the    time   of    \hv   :i|)|)('ar;iiice( 
of   the   imnuinization   and    its   diiratioii. 

^^hclluM•  the  ])lu'ii()inen()n  dcscrilji'd  here  really  is  an  im- 
mune proeess  inasmuch  as  llic  ril)r()l)lasls  aetually  produce 
anlil)()dies.  is  of  course  not  yel  proved  by  Ihese  experiments. 
To  settle  the  question  it  is  necessary  to  demonstrate  the. 
presence  of  antibodies  in  the  cnllurc  medinm  of  the  im- 
munized strain.  If  the  culture  medium  of  a  non-immu- 
nized strain  is  able  to  |)i-()tect  the  latter  from  the  toxic 
action    of   the   antigen    (passive    immunization;    it    is    proved 
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Fig.  52. 
Curve  stiowing  the  variations  in  ftie  degree  of  immunization  of  fibroblasts 
in  vitro  ttirougti  eigtit  passages.  Dog  serum  was  used  as  antigen  in  a  con- 
centration of  8  per  cent.  Ttie  ordinates  represent  ttie  quotient  of  tlie  rate  of 
growtli  of  tlie  immunized  strain  divided  by  ttie  rate  of  growtti  of  ttie  non- 
immunized  strain  in  a  tiigti  concentration  of  antigen,  and  ttie  abscissae 
ttie  number  of  passages. 


tlial  the  acquired  resistance  is  an  actual  process  of  immu- 
nization. This  has  not  j^et  been  done. 

If  there  is  a  veritable  immune  process  going  on  here, 
and  not  a  simple  adaption,  which  I  do  not  believe,  we  have 
then  a  simple  technique  for  making  fundamental  studies 
in  this  field  of  investigation  and  in  clean-cut  experiments 
much  simpler  than  if  we  work  with  the  comi)lex  organism. 
At  the  same  time,  as  the  tissue  cells  produce  antibodies 
in  vitro,  we  have  in  t  h  e  r  ate  of  g  r  o  \\'  I  h  of  t  h  e  s  a  m  c 
tissue    an    indicator    for    the    degree    of    i  m  m  u- 
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n  i  z  a  I  i  o  n.  In  the  ptM'niiilalion  of  Ihc  vai-ious  cjiKjlicnls  of 
the  immunized  and  non-inmiunizeil  strain  and  their  re- 
spective suljcultures  under  various  conditions,  we  are  aWe 
to  ohlain  all  possible  kinds  of  information  as  to  the  con- 
ditions of  the  strains  during  the  process.  We  can.  for  in- 
stance, get  inforuialion  as  to  the  action  of  the  small  amount 
of  antigen  on  the  innnunized  strain  during  the  process  of 
immunization.  If  the  antigen  in  tliis  low  concentration  should 
have  an}'  growth-inhibiting  effect,  the  quotient  of  the  rates 
of  growth  of  the  immunized  strain  and  its  control  would 
be  below    1.    Fig.  53  represents  such   a  curve,   showing  the 
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Fig.  53. 
Curve  stiowing  the  rate  of  growtli  of  the  immunized  strain  and  its  control 
through  twenty-two  passages  Human  ascitic  fluid  was  used  as  antigen  in 
a  concentration  of  7  per  cent.  The  ordinates  represent  the  quotient  of  the 
rate  of  growth  of  the  immunized  strain  divided  by  that  of  its  control,  and 
the  abscissae  the  number  of  passages. 


effect  of  7  per  cent  human  ascitic  fluid  on  a  strain  of  fibro- 
blasts during  22  passages.  Fluctuations  can  be  seen,  the  cause 
is  as  yet  unknown,  but  generally  taken,  the  index  is  aboul 
1  all  the  time,  which  denotes  that  the  action  of  7  per  cent 
human  ascitic  fluid  has  practically  no  inhibiting  effect  on 
the  strain. 

If  the  quotients  of  the  rates  of  growth  of  both  subcultures 
of  the  immunized  strain  in  low  and  high  concentration  are 
figured  out.  and  if  the  quotients  of  the  rates  of  growth  of 
both   subcultures   of  the  non-immunized  strain,  without  an- 
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ligon,  and  in  ;i  liiuli  coiiccnlrnlion  oT  iinlit^cn  ;irc  lij^urcd 
oul,  il  can  he  seen  llial  llic  ininnniizcd  sli'ain  i^rows 
more  rapidly  llian  llic  non-innnuni/.cd.  I'i;^.  .")!.  and  lii;.  5.") 
illuslrali  lliis.  I'hcsc  ai'c  examples  ol'  llic  mode  ol'  inlcr- 
pi-(iin,n    llic    cx|)crimcnls. 

In  order  lo  dcmonslralc  in  a  clear  way  llic  various 
(jnolicnls  ol'  rates  ol'  j^rowlli  which  I  liaxc  menlioned 
here,  il  is  simpler  to  look  al  Ihe  Tollowinj^'  di^raiii.  ri,,i>.  ,")(>. 
l-'roin  Iliis  it  can  he  seen  llial  A  is  a  cnllurc  willi  a  small 
amounl  ol'  anli<*en.  A,  and  A.  show  llic  same  culture  divide<l 
in  halves.    Aj  is  carried  on   in  a  medimn  containing  a  small 
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Fig.  54. 
Curve  1  shows  the  variations  in  the  quotient  of  the  rate  of  growth  of  the 
immunized  strain  in  a  small  amount  of  antigen  divided  by  the  rate  of  growth 
of  the  same  strain  in  a  high  concentration  of  antigen.  Curve  2  shows  the 
variations  in  the  quotient  of  the  rate  of  growth  of  the  non-immunized  strain 
in  the  ordinary  medium  divided  by  the  rate  of  growth  of  the  same  strain 
in  a  high  concentration  of  antigen.  Human  ascitic  fluid  was  used  as  antigen 
in  a  concentration  'of  7  per  cent.  The  ordinates  represent  the  quotient  of 
the  rates  of  growth,  and  the  abscissae  the  number  of  passages. 


amounl  of  antigen  (the  conlinualion  ol  Ihe  experiment);. 
A2  (subculture)  is  transferred  to  a  medium  containing  the 
antigen  in  a  toxic  concentration.  B  is  the  control  cullurc. 
Bi  is  canicd  on  as  B,  the  control  culture  (conlinualion  of 
the  control),  and  B,  is  IransTcrrcd  to  a  medium  containing 
the    antigen    in    a  toxic    concentration. 

A, 
Ilei'eof   follows   that   ^  ex|)resses   Ihe   degree  of  immuni- 
zation   of   A. 
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3"  cx])rc'.sscs  Ihc  dirccl  cltccl  ot  aiitifrcn  on  llic  iiniminizcd 

2 

fibroblasts. 

n-  expresses  the  elleel   of  the  (f)xie  concenlralion  ol   anli- 

gen  on  normal  fibroblasts. 

In  addition  to  these  experiments  willi  llie  action  of 
foreign  protein  on  tissue  cells  in  vitro,  it  miisl  be  mentioned 
that  (barrel  and  K  1)  e  1  i  n  g  ■'')  found  that  casein  inoeuhited 
into  a  culture  of  leucocytes  brings  about  an  immediate  in- 
crease in  the  substances  which  jiromote  the  growth  of  fibro- 
blasts   and    natural    hemolysins.    The    cells    respond    imme- 
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Fig.  55. 
Curve  1  shows  the  variations  in  the  quotient  of  the  rate  of  growth  of  the 
immunized  strain  in  a  small  amount  of  antigen  divided  by  the  rate  of  growth 
of  the  same  strain  in  a  high  concentration.  Curve  2  shows  the  variations  in 
the  quotient  of  the  rate  of  growth  of  Ihe  non-immunized  strain  in  ordinary 
medium  divided  by  the  rate  of  growth  of  the  same  strain  in  a  high  con- 
centration of  antigen.  Dog  serum  was  used  as  antigen  in  a  concentration 
of  4  per  cent  The  ordinates  represent  the  quotient  or  the  rates  of  growth, 
and  the  abscissae  the  number  of  passages. 


diately  and  non-specifically  to  tlie  foreign  substances.  These 
experiments  by  Carrel  and  Ebeling  indicate  a  ([uite 
new  field  of  investigation  namely  the  therapeutic  action  of 
non-specific  foreign  i)roteins.  This  cpiestion  would  have  an 
ideal  method  in  the  tissue  cultivation. 
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I'lu'  |)lu'n<)iiu'n()n  ol"  lUKiphylnxiM  has  iiol  been  sludicd  by 
means  ol'  lissiic  ciiltix  alion.  Allcmpls  liaxc  Ix-cii  made  U) 
invcsli,i<alc  thr  cellular  aclion  uikIcm-  aiia|)hylaclic  roaclions 
by  means  oi'  isolated  or<,nins.  i.  c.  iilenis,  lungs,  liver  sus- 
pended in  Ringers  fluid,  (W  e  i  1  '••')  ■''•^),  M  a  n  w  a  r  i  n  g 
and    ( ",  r  o  \v  0  ^''**)  ^^^).     'I'he    tissue    eultixalion    lechni(pu>    will 


Immunized  strain 
B.  B, 


Non-immunized  atP<ain 


Non-immuniied   strain 


Fig.  56. 
A  is  a  culture  witti  a  small  amount  of  antigen,  .li  and  .Ao  stiow  ttie  same 
culture  divided  in  tialf.  Ai  is  carried  on  in  a  medium  containing  a  small 
amount  of  antigen;  A-j  (subculture)  is  transferred  to  a  medium  containing 
ttie  antigen  in  a  higti  concentration.  B  is  the  control  culture.  Bi  is  carried 
on  as  B,  the  control  culture,  and  B^  is  transferred  to  a  medium  containing 
the  antigen  in  a  high  concentration.  The  quotient  of  Ao  divided  by  B^ 
expresses  the  degree  of  immunization  of  Ai. 


probably  also  here  be  of  excellent  help  for  the  investigation 
of  anaphylaxia.  The  stimulation  of  the  rale  of  growth,  as  1 
found    it   for    •immunized'    fibroblasts    when   exposed    to    a 
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loxic  concentration  of  the  antigen,  is  donbtless  a  cpiestion  of 
anaphylaxis.  P^uiihcr  exi)erinients  should  l)e  lalvcn  up  again. 
Precipitin    reactions    liave    also    been    studied    a  little    by 
the  means  of  tissue  cultivation,  (Przygode  ^*^). 

2.     Tissue   culture    as    a   bacleriological   method.     Effect    of 
bacteriotoxins  on  living  tissue  cells  in  vitro. 

The  idea  of  studying  the  interaction  of  bacteria  and 
hving  tissue  cells  in  close  proximity  directly  under 
the  microscope  in  tissue  cultures  was  put  into  practice 
l)y  Smyth  "9)  ^^o)  48i)  q^c  would  think  that  tissue  culliu'es 
might  be  the  most  excellent  experimental  method  for  the 
study  of  various  pathogenic  bacteria.  Undoubtedly  the  tissue 
cultures  may,  in  many  cases,  be  the  culture  method 
for  living  virus  of  varying  nature,  which  hitherto  have 
withstood  all  attempts  at  a  successful  cultivation  in  vitro 
such  as  poliomyelitis,  vaccina,  rabies,  typhus  fever  and 
many  others.  The  conditions  within  a  tissue  culture  are  very 
similar  to  those  of  the  body,  in  any  case  in  respect  to  the 
composition  of  the  culture  medium  and  many  pathogenic 
bacteria,  probably  also  these  of  the  ultra  visible  may  be  cul- 
tivated successfully  in  that  manner.  The  virus  of  the  Pey- 
ton Rous  chicken  sarcoma,  which  must  be  considered 
as  a  ultravisible  virus,  can  be  cultivated  in  vitro  after  the 
method  I  have  devised,  and  it  is  therefore  the  first  fillrable 
virus  which  has  been  propagated  indefinitely  outside  the 
body. 

S  m  y  t  h  ^^9)  480)  48i)  482)  483)  studlcd  the  bac.  typhi,  bac. 
diphteria.  bac.  pseudo-diphteria,  bac.  coli,  micrococcus 
aureus  and  bac.  prodigiosus  in  cultures  of  both  embryonic 
as  well  as  adult  tissues  of  chicken,  mostly  heart  tissue. 
The  author  claims  that  the  technique  of  tissue  cultivation  in 
vitro  is  a  valuable  addition  to  the  methods  of  bacteriological 
study.  He  is  absolutely  right  in  this;  it  does  not  seem  to  be 
realized  so  far;  possibly  the  use  of  so  complex  a  technique 
frightens. 
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S  111  y  I  li  likfwist'  tcslcd  llic  nclion  ol'  (li|)hl('ri;i  loxin  on 
llu-  tissue  <»i"()\vlh  ill  xiiro  I'lic  l('cliiii(|ii('  he  iipplit'd  in 
1!>1  I  IT)  \\;is  |)i-()l);il)ly  not  llic  \ cry  l)csl  lie  concluded 
Ilia!  ciiickcn  |)lasnia  has  a  marked  haclericidal  action  on 
till'  l)ac.  typhi,  which  may.  in  some  sii<*hl  decree.  i)e  over- 
come liy  the  presence  of  ,i<r{>\\in<»  tissue,  especially'  splecnic 
tissiu-    in    the  cultures. 

On  hac.  dyscnteriie  the  bacterici(hd  action  of  cnicken 
plasma  is  present,  but  niucli  less  niarkedh%  and  the  same 
antagonistic   action   ol    tlie    tissue   was  observed. 

Chicken  |)lasiiia  has  little  or  no  bactericidal  action  on 
bac.  cob. 

On  bac  diphteria'  chicken  plasma  is  strongly  bactericidal 
and  the  action  is  counteracted  by  the  presence  ol'  the  tissue 
in    til'.'    culture. 

Smyth  '^-'  observed  also  the  interesting  fact,  that  many 
bacteria'  stimulated  tlie  jirobferalion  of  tissue  cells.  This 
1   can  fully  confirm   through  occasional  obserxalions. 

Mosl  interesting  are  the  observations  of  S  m  y  t  h  '"^^  on 
the  action  of  tnliercle  bacilli  on  various  tissue  cells  grown 
in  vitro.  I'lie  gi'owtli  of  the  fibroblasts  and  ejiilhelial  ele- 
ments, llie  formation  of  the  epitheloid  cells  and  giant  cells, 
the  degeneration  and  disintegi'ation  of  the  tissue  cells  was 
beautifully  observed. 

.3.  Specificity  of  the  tissue  ceils.  Cijtotoxins. 
For  the  demonstration  and  the  study  of  the  specificity 
of  cytoloxins.  the  tissue  culture  technique  is  a  method  which 
will  admit  of  the  dii-ect  oliservation  of  cells  in  an  undis- 
turbed state  for  a  definite  i)erio(l  of  time.  The  tissue  culture 
technique  was  primarily  used  for  this  particular  study 
l\v  Lambert  and  llanes  wlio  i)erceived  llie  importance 
of  this  investigation.  The  application  of  this  technique  is 
dependent  ui)on  the  jiossibility  of  cultivating  in  vitro  the 
various  cells  in  ])ui-e  strains.  Since  1911.  when  Lambert 
and  llanes  look  up  this  study,   tlie  techiiicpie  of  cultivating 
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Iho  lissu(>  cells  in  vitro  has  j^rogressed  very  greatly;  never- 
Iheless  this  |)aiiiciilaiiy  inleresling  and  important  field  has 
not  been  studied  praclically  since  that  time.  To-day  when 
it  is  ])ossil)le  to  work  willi  ])iii-c'  strains  of  several  types  of 
epithelium.  ril)i'ol)lasts.  cartilage,  leucocytes  and  sarcoma 
cells,  the  investigation  of  the  cytotoxins  should  be  taken  up 
agaiji. 

Practically  any  tissue  of  the  l)ody  lias  l)een  studied  in 
respect  to  their  specific  cytotoxins,  obtained  by  injecting 
the  various  tissue  cells  into  animals  of  a  foreign  s])ecies. 
Leucocytes  has  been  studied  by  Me  t  c  hn  i  ko  f  f  4i4^^  Bes- 
redka^i''),  liver  by  Delezenne  i*^),  Deutsch  1*9),  kidney 
by  Lindemann  -^gg)^  Nefedieff  4i«),  Bierry  12)^  Ascoli 
and  Figari  •">),  pancreas  by  vSurmont  ^^9),  adrenal  by 
Bigart  and  Bernard  ^^),  thyroid  by  Ci  o  u  tschar  u  ko  w, 
Mankowski  -^ot^^  heart  muscle  by  (lentanni  ^i^).  ovarj^ 
by  (leconi  and  Robecchi  ^^l  nerve  tissue  l)y  Dele- 
zenne i-^*^),  C.  entanni  ^i-^).  syncytium  by  Ascoli^),  L  i  e  p- 
m  a  n  n  s'^j). 

In  order  to  test  the  specificity  of  cytotoxins  several 
methods  have  been  used.  Emulsions  of  cells  have  been, 
exposed  to  the  action  of  immune  serum,  and  the  lytic  and 
agglutinative  properties  were  observed.  But  the  lytic  and 
agglutinative  properties  cannot  of  course  very  well  be  in- 
dicatives of  cytotoxic  action,  just  as  little  as  agglutinins  of 
typhoid  bacilli  ai*e  indicatives  of  bactericidins.  Therefore 
the  technique  generally  used  was  to  inject  the  immune  serum 
into  the  animal  body  and  use  the  functional  or  histological 
changes  in  various  organs,  corresponding  to  the  supposed 
action  of  the  immune  serum,  as  a  criterium  for  the  speci- 
ficity of  the  cytotoxins.  To  day  the  complement  fixation 
would  naturally  be  employed  as  the  proper  method.  As  the 
technique  of  making  tissue  cultures  has  greatly  progressed 
since  that  time,  we  are  now  able  to  work  with  pure  strains 
of  the  tissue  cells,  and  are  able,  in  a  relatively  short  time, 
to  get  plenty  of  material  of  pure  cells  from  cultures,  enough 
for   the  injection  into   the   animals. 
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L  n  m  1)  (•  r  I  and  1 1  a  n  c  s  '^"0  and  L  a  in  I)  c  r  t  ^I'-'i)  have 
mainly  sludicd  llic  cyloloxins  of  xarions  niali«,manl  (issue 
ci'lls.  Hats  were  ininiuni/.ed  l)\  nionse  sareonia.  In  Ihc 
plasma  of  tin'  innnunc  rals.  I)ils  of  mouse  sarcoma  were 
cullivaled  It  was  observed,  llial  (he  sarcomatous  tissue 
from  tile  mouse  remained  (|uile  inactive  for  a  long  time  in 
some  'Of  the  cultures  and  laler  it  was  noted  that  a  few 
cells  of  iri'egular  s]ia|)i'  wandered  out.  In  other  cultures 
the  tissue  disintegrated  markedly.  These  experiments  indi- 
cated that  the  plasma  from  the  immune  rats  was  no  longei* 
a  favorable  medium  for  llu'  cuilivalion  af  (he  mouse  sarcoma, 
such  as  was  the  case  when  mouse  sarcoma,  was  cultivated  in 
plasm.i  from  a  non-immunized  ral.  Several  experinu'nls  of 
the  same  kind  gave  similai'  i-esulls.  These  experiments  cor- 
respond very  well  to  what  is  known  from  experiments  in 
vivo.  Mouse  sarcoma  inoculated  into  normal  rats  grows 
actively  for  8 — 10  days,  producing  a  nodule  which  is  after- 
wards rapidly  absorbed.  In  rats  previously  immunized,  no 
tumor  nodules   are  formed. 

In  other  experiments  guinea-pigs  were  immunized  wilh 
either  defibrinated  blood  or  ral  sarcoma.  It  was  then  noted 
that  rat  sarcoma  cultivated  in  plasma  from  normal  guinea- 
pigs,  gave  uniform  and  good  cultures.  The  rat  sarcoma  in 
the  plasma  from  the  immune  guinea-pigs,  immunized  wilh 
rat  sarcoma,  showed  no  activity  whatever.  Also  these  expe- 
riments showed  that  plasma  from  guinea-[)igs  previously 
treated  with  ral  sarconui  was  unsuitable  foi'  the  growth 
of  I'at  sarcoma.  The  cytotoxins  ])roduced  by  immunization 
of  gyinea-jiigs  with  rat  sarcome  is  not  specific,  but  is  also 
produced  when  guinea-pigs  were  immunized  with  defil)rin- 
ated  ral  blood. 

Foot  -i'^)  has  studied  the  cytotoxic  action  of  the  Ijone 
marrow  immune  plasma  on  bone  marrow  cells  in  vitro.  He 
found  that  the  bone  marrow  cells  degenerated  and  died  when 
cullivate('  in  the  immune  plasma  from  a  rabbit,  lie  also 
observed    a  precipitin   reaction   in    the   cultures.     I-^  o  o  I    clai- 
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med  iurlher  that  llie  immune  plasma  from  I  lie  rabbit  against 
chicken  bone  marrow  cells,  also  had  a  marked  cytotoxic 
effect  on  the  rabbit   bone  marrow  cells. 

All  these  interesting  investigations  oufflit  to  be  again  taken 
up  since  we  are  now  able  to  master  the  technique  of  I  issue 
cultivation  and  since  now  we  know  a  good  deal  more  of  the 
action  of  heterologous  culture  media  on  the  tissue  cells. 

It  is  difficult  to  find  out  what  the  general  opinion  is 
as  to  the  existence  of  an  organ  specificity.  Many  investigators 
concluded  from  their  experiments,  especially  from  a  study 
of  the  lesions  found  in  animals,  injected  by  "specific 
organ  immune  substance',  that  such  a  specificity 
can  be  demonstrated.  According  to  Lambert  295).  L  ii  d  k  e 
and  S  c  h  ii  1 1  e  r  ^^^\  they  have  described  the  production  of 
a  nephritis  after  the  injection  of  the  serum  of  rabbits  im- 
munized with  dbg  kidney.  Pearce  ^^t)  explains  the  various 
lesions  following  the  injections  of  cytotoxic  sera  as  a  direct 
toxic  action  on  certain  parenchymatous  cells,  of  the  hem- 
agglutinative  and  hemolytic  properties  of  the  serum,  devel- 
oping thrombosis  with  all  its  consequences.  He  does  not 
believe  at  all  in  specific  somatogenic  cytotoxins. 

Lambert  295)  claims  in  his  paper  on  this  subject  thai 
the  problems  can  be  solved  from  the  methods  of  tissue  cul- 
tivation, because  here  the  active  living  cells  may  be  ex- 
posed to  the  action  of  the  immune  sera,  and  under  ex- 
perimental conditions,  factors  such  as  agglutination,  throm- 
bosis and  hemorrhage  can  be  eliminated. 

L  a  m  b  e  r  t  295)  described  the  experiments  he  has  under- 
taken with  rat  sarcoma  and  rat  embryo  skin,  experimenls 
which  fully  confirm  what  has  been  found  earlier  by  other 
methods. 

Guinea-pigs  were  inoculated  subcutaneously  with  0.15 
gram  rat  sarcoma,  and  others  with  a  similar  amount  of 
embryo  skin.  After  the  termination  of  the  immunization, 
the  animals  were  bled  and  the  plasma  obtained  for  the  cul- 
ture. Plasma  from  normal  guinea-pigs  were  used  as  controls. 
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The  t'inl)rv()  skin  imd  nil  sai'coiiin  cultivalod  in  the 
plasma  IVoni  normal  j^iiinea-pi^s,  showed  afler  18  hours 
ineuhalioii  a  liixiii'iani  growth  in  praclicall\'  every  prepara- 
lion.  '['lie  i)rc])aralions  eonlaining  llie  immune  plasma  were 
on  tlie  eonli'ary  much  less  aetive  Ihouf^h  the  majority 
showed,  espeeially  on  Die  third  and  I'ourlh  day.  a  lair 
out-wandering  of  eells.  There  was  a  definite  difference  in 
the  behaviour  of  both  kinds  of  tissue  in  I  he  plasma  from 
the  two  animals  treated.  The  tissues,  skin  and  sarcoma. 
both  showed  a  more  marked  inhibition  of  ifrowth  in  llie 
plasma  from  llie  guinea-pii,'  injected  with  sarcoma,  than  in 
the   plasma,   from   the  guinea-i)ig  injected   with   embryo  skin. 

By  injecting  some  guinea-pigs  with  a  mucli  larger  dose 
of  rat  sarcoma  (0,65  gram)  and  some  with  a  similar  amount 
of  skin,  the  ])lasma  had  a  marked  increase  of  inhibiting 
action  of  the  tissues.  The  plasma  from  the  animal  previously 
treated  with  a  large  quantity  of  embryo  skin,  was  tlie  most 
toxic  for  both  sarcoma  and  skin.  A  perfect  disintegration 
took    place    of   the    tissue    explanted    in    this    plasma. 

These  experiments  showed  that  there  was  no  evidence 
of  even  a  relativelj^  specific  action  of  the  cytotoxins  pro- 
duced, the  plasma  from  each  animal  having  an  equally 
inhibiting  effect  on  each  kind  of  tissue.  It  was  also  ob- 
served that  defibrinaled  rat  blood  could  be  used  to  im- 
munize against  both  sarcoma  and  skin.  Other  experiments 
showed  that  it  was  not  possible  to  obtain  specific  cytotoxins 
for  either  normal  intestines  or  heart  tissue  of  chicken. 

Similar  experiments  to  L  a  m  b  e  r  t's  have  not  been  con- 
tinued or  taken  up,  since  it  is  now  possible  to  work  with 
pure  strains  of  certain  types  of  tissue  cells.  Possibly  the 
residts  will  be  different  from  those  already  reported,  because 
earlier  work  was  carried  out  with  tissues  containing  all 
kinds  of  tissue  elements. 

i.    Tumors. 
Shortlj^    after    Carrel    and    Burrows    had    improved 
Harrisons  technique  of  tissue  explantation  and  extended 
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the  melhod  to  Ihc  cultivation  of  oilier  tissues  than  nervous 
fibres,  and  lo  eonijji'ehend  tissues  from  warm  blooded  ani- 
mals, and  attempts  were  made  lo  cultivate  malignant  tissue 
cells  in  vitro  The  results  of  these  experiments  in  general  are 
few,  and  have  been  rather  disappointing  to  most  invest- 
igators. Most  observations  hitherto  made  on  malignant  tissue 
cells  in  vitro,  have  not  been  able  to  give  any  biological 
characteristics  of  these  cells,  which  were  not  also  found  for 
normal    tissue    cells. 

As  early  as  in  1910  Carrel  and  Burrows  7'^)  issued  the 
first  reports  about  the  cidlivation  of  malignant  tumor  cells 
They  succeeded  quickly  in  cultivating  the  Rous  chicken 
sarcoma,  the  E  h  r  1  i  c  h  and  Jensen  sarcoma  of  the  rat, 
a  primary  carcinoma  of  the  breast  of  a  dog  ^6)  ^^),  and 
two  human  tumors,  a  sarcoma  of  the  fibula  and  a  carcinoma 
of  the  breast.  Lambert  and  Hanes  3og)  307)  309)  have  culti- 
vated rat  and  mouse  sarcomata,  and  a  mouse  carcinoma. 

L  o  s  e  e  and  E  b  e  1  in  g  '''»^)  have  cultivated  human  sar- 
comatous tissue  in  vitro.  Recently  Drew  '^•'')  has  made  a 
comparative  study  of  normal  and  malignant  tissue  cells  in 
vitro.  His  technique  is  that  which  only  allows  of  a  survival 
of  the  cells  and  is  not  a  culture  according  to  Carrels 
definition. 

As  just  stated,  the  malignant  tumor  cells  in  vitro  have 
not  manifested  themselves  in  any  striking  and  characteristic 
way.  The  only  difference  from  that  of  normal  tissue  cells 
is  that  it  proved  to  be  technically  more  difficult  to  culti- 
vate malignant  cells  in  vitro  than  was  found  to  be  the  case 
for  normal  tissue  cells.  So  far,  it  has  only  now  been  man- 
aged to  overcome  the  technical  difficulties  for  the  cultivation 
of  the  Rous  chicken  sarcoma  indefinitely  outside  the  body, 
in  the  same  way  as  is  the  case  with  that  of  fibroblasts, 
epithelium,  cartilage  and  lymphocytes.  Probably  other  malig- 
nant tissue  cells  from  other  animals  and  even  the  human 
tumor   cells   may   be  cultivated  in  a   similar  wa}^   ^^^)   -"3). 
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NcilluT  L  a  111  h  c  r  I  and  1 1  a  ii  c  s  309)^  Carrel  ^e)^  c  a  r- 
r  c  1  and  B  u  r  r  o  \v  s,  oi"  L  o  s  c  t'  and  E  b  e  ling  3«3)  observed 
any  biological  characlerisUcs  wliicli  were  not  also  found 
Tor  normal  lissiie  cells.  According  to  Lam  be  r  I  and  lla- 
nos, sarcomatous  lissue  grows  as  a  type  wbicli  may  be 
regarded  as  cbaraclerisUc  lor  tissues  ol"  mesenchymal  origin. 
The  outgrowth  of  carcinoma  cells  assumes  a  shcel-Uke  form, 
only  one  cell  in  thickness.  This  is  characteristic  for  normal 
epithelium  as  well.  Both  sarcoma  and  carcinoma  cells  cul- 
tivated in  vitro  were  found  by  Lambert  and  Ilanes^"^) 
rapidly    to   absorb   carmin    particles  placed   in    tiie   pla.sma. 

All  investigators  agree  as  to  the  difficulties  in  cultivat- 
ing the  malignant  tissue  cells  in  vitro.  Carrel  ■^'5)  stated 
that  sarcomatous  tissue  grew^  as  well  during  a  few  days  as 
normal  fibroblasts,  but  afterwards  the  rate  of  growth  became 
less  rapid  and  the  tissue  could  not  be  kept  alive  for  more 
than  about  two  months.  The  life  of  the  cultures  of  malig- 
nant tissue  cells  is  short,  and  may  be  due  to  technical 
factors. 

L  o  s  e  e  and  E  b  e  1  i  n  g  ^^^)  were  able  to  keep  the  human 
sarcomatous  tissue  alive  in  cultures  for  52  days.  K  i  a^  r  and 
F  i  s  c  h  e  r*)  kept  a  human  glio-sarcoma  in  an  active  con- 
dition of  life  for  more  than  two  months. 

The  technique  of  cultivating  the  various  tumor  cells, 
varied  according  to  the  nature  and  origin  of  the  tumors. 
For  the  cultivation  of  chicken  tumors,  the  technique  was 
simply  exactly  the  same  as  used  for  the  cultivation  of  normal 
tissues.  Homogenic  culture  media  could  be  used.  The  mouse 
and  rat  tumors  were  often  cultivated  in  mixtures  of  chicken 
plasma  and  plasma  or  serum  from  the  respective  animal. 
K  i  it'  r  and  F  i  s  c  h  e  r*)  cultivated  the  human  glio-sarcoma 
to  begin  with  in  a  mixture  of  20  per  cent  chicken  plasma 
in  extract  of  the  sarcomatous  tissue  and  human  serum. 
Later,  the  same  strain  of  sarcoma  was  cultivated  in  chicken 


*)  Kiaer,  S.   and   Fisctier,  A.    Unpublished  experiments. 
*)  Unpublished  experiments. 
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embryonic  tissue  juice  from  young  chicken  cmbr\^os,  for 
abouL  a  month.  In  other  words  the  culture  medium  for  the 
human   sarcoma   was   cntirelj^   heterologous. 

The  human  tumors  cultivated  by  Carrel  and  B  u  r- 
rows  '^^),  Losee  and  Ebeling^ss)  were  either  cultivated 
in  autogenic  or  homogenic  plasma.  Losee  and  Ebeling 
cultivated  the  human  sarcomatous  tissue  in  a  medium  com- 
posed of  equal  parts  of  normal  human  plasma  and  R  i  n- 
ger  solution  and  varying  the  quantities  of  extract  of  fresh 
human  fetal  cadavers.  The  technique  of  preparing  the  cul- 
tures was  the  same  as  so  often  described,  and  it  is  not 
necessary  to  repeat  it  here. 

All  investigators  agree  that  the  malignant  tumor  cells 
liquefy  the  plasma  medium  so  extensively  that  all  further 
growth  ceases  and  the  tissue  dies.  It  is  probably  Ihe  li- 
quefaction which  has  complicated  the  cultivation  of  tumor 
cells.  The  liquefaction  depends  very  much  upon  the  nature 
of  the  plasma  medium  and  the  tumor  cells.  Human  plasma 
is  liquefied  much  easier  than  chicken  plasma,  for  instance,  and 
certain  tumor  tissues  possess  liquefj'ing  properties  much 
greatei'  than  others.  It  seems  to  be  very  difficult  to  prevent 
liquefaction  of  the  plasma  clot.  Recently  Carrel  '^^)  found 
that  the  addition  of  small  amounts  of  serum  and  a  trace 
of  sodium  linoleate  to  a  fibrinogen-Th  y  ro  d  e-medium, 
partly  prevented  the  liquefaction  of  this  medium  when 
normal  fibroblasts  were  cultivated  in  it.  I  have  tried  this 
modification  myself  in  the  cultures  of  sarcomatous  tissue 
—  but  without  success.  The  best  results  of  that  kind  I  ob- 
tained by  reducing  the  amount  of  embryonic  tissue  juice  in 
the  culture  medium. 

Liquefaction  of  the  plasma  medium  generally  occurs  after 
a  certain  amount  of  ne\v  growth  has  appeared,  usually 
a  few^  hours  after  the  cultures  are  prepared  or  not  until  after 
15 — 21  hours.  As  soon  as  liquefaction  has  taken  place,  all 
connection  between  the  original  explanted  fragment  and  the 
new   growth  is  broken   off,   and  on  account  of  the   change 
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of  Ihc  plasma  modiuni  f'l-oin  solid  to  a  licjiiid,  all  fiirllicr 
oiilgrowlh  Iroiii  fhc  IVagiiU'iil  is  iinijossibk'.  When  Iransfer- 
rinj^  the  lissuc  IVom  one  culture  lo  another,  it  is  possible- 
only  to  carry  o\'cr  the  orij^inal  Iraf^uicnt  which  floats  in  a 
lake  of  the  licpiefied  i)lasnia.  After  being  brought  lo  a 
fresh  medium,  the  licpiefaction  recommences,  and  so  on 
Continued  this  way.  it  is  clear  (hat  we  do  not  even  gel 
a  multiplication  of  the  tissue  cells,  but  on  the  contrary 
the  tissue  decreases  in  size  and  finally  succumbs. 

Recently  I  therefore  developed  a  new  method  for  Ihc 
cultivation  of  malignant  tumor  cells,  which  proved  lo  be 
very  satisfactory.  The  idea  of  the  method  I  conceived  by 
considering  the  ability  of  the  malignant  tumor  cells  in. 
vivo  to  invade  the  surrounding  noruial  tissues  and  displace 
their  cells.  The  question  was,  would  the  sarcoma  cells,  for 
instance,  also  invade  normal  tissues  added  to  the  cultures 
of  sarcoma  cells? 

The  Rous  chicken  sarcoma  was  used  in  the  experiments, 
not  because  of  the  j)ecularities  of  this  tumor  'infectious 
fowl  tumor,,  but  because  it  was  a  chicken  tumoi\  which 
would  be  rather  easy  to  cultivate  in  its  homogenic  culture 
media,  and  because  the  method  of  cultivating  chicken  tis- 
sues  in   general   is   so   j)erfect   and    well   organised. 

The  chicken  sarcoma  belonged  to  the  type  of  polymor- 
phous celled  sarcoma.  The  grafts  on  chickens  of  all  kinds 
had  a  take  of  about  100  per  cent. 

The  sarcomatous  tissue  for  cultivation  was  excised  under 
ether  amesthesia  from  the  lumor  bearing  animal,  about  4 — 6 
weeks  after'  inoculation.  Sometiuies  the  tissue  for  the  cul- 
tures was  taken  from  the  original  lumor  and  sometimes  the 
tissue  was  taken  from  metastasis  in  the  lungs  shortly  after 
the  spontaneous  death  of  the  animal. 

The  malignant  tissue  was  cut  into  small  j)ieces  and 
placed  in  the  culture  mediuui.  usually  couiposed  of  two 
volumes  of  chicken  plasma  and  a  trace  of  freshly  prei)ared 
embryonic   tissue  juice.   The   gi-owth   of   the   Rous   chicken 
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sarcoma  in  this  nuMliuiii  was  tho  same  as  descril){'cl  carlici- 
by  Carrel  and  B  ii  r  i' o  \v  s  "''  .  The  colls  arc  mainly  aclive 
ameboid  and  wander  far  out  in  the  plasmic  medium. 
Already  after  a  few  hours  cultivation,  a  very  extensive  li- 
quefaction occurs  and  the  migrated  ameboid  cells  can  now 
be  seen  contracted  as  spherical  bodies,  floating  around  in 
a  lake  of  liquefied  plasma  clot. 

To  the  cultures  of  sarcomatous  tissue  were  now  added 
small  bits  of  muscle,  excised  directly  from  normal  adult 
chickens,  or  taken  from  fragments  of  muscle  which  had 
been  stored  in  Ringer  solution  for  a  long  time  in  the  re- 
frigerator. The  small  fragments  of  muscle,  of  about  the 
sizes  of  the  explained  tissue  itself,  were  placed  almost  in 
contact  with  the  fragment  of  sarcoma  in  the  culture  medium. 

The  muscular  tissue  is  taken  from  the  chickens,  from 
the  muscles  of  the  neck,  when  the  chickens  are  bled  to 
obtain  the  plasma.  The  muscle-fragment  is  quickly  placed 
in  a  small  jar  with  Ringer  solution,  and  stored  in  the  re- 
frigerator. As  often  as  it  is  to  be  used,  it  is  taken  out  and  cut 
into  small  pieces.  These  are  generally  embedded  first  in 
the  usual  culture  medium  by  themselves  and  incubated  for 
about  2 — 4  days  and  thus  tested  this  way  for  infection  and 
to  see  if  any  outgrowth  from  the  muscles  takes  place.  Not 
a  single  cell  has  been  observed  to  grow  out  from  such  a 
piece  of  muscular  tissue,  stored  in  the  ice  box  from  24 
hours  to  one  month. 

The  muscle  used  for  the  experiments  is  always  selected 
to  be  of  as  pure  muscular  tissue  as  possible,  witliout  tendinre 
or  connective  tissue.  By  storing  the  muscle-fragments  for 
about  14  days  in  the  refrigerator,  all  the  cells  have  died  and 
in  any  case  are  not  able  to  grow  in  the  cultures. 

After  having  tested  the  fragments  of  normal  muscular 
tissue  in  the  way  just  described,  they  are  cut  out  of  the 
plasma  clot,  washed  in  Ringer  solution  for  about  half 
a  minute  and  a  single  piece  is  placed  together  with  the  sar- 
comatous   tissue,   side  by   side   in   the  same   culture.   When 


248 


the  culliirc.  containin<:j  Iho  lillle  frafrmenl  of  normal  mus- 
cular tissue  and  the  sarcoma  has  to  hv  renewed  and  trans- 
ferred, the  two  fragments  arc  picked  u|)  on  the  point  of  Ihe 
needle  or  knife  from  the  liquefied  medium,  washed  in  Hi  n 
ger  solution  and  replaced  in  a  fresh  culture  medium.  After 
a  few  passages,  the  two  fragments  generally  adhere  to  each 
other  and  can  be   transferred  as  one  piece. 

After  about  4 — 0  passages  the  muscular  tissue  is  perfectly 
destroyed  and  a  new  piece  must  be  added.  Before  the  mus- 
cular tissue  is  destroyed  and  completely  invaded  by  sarcoma 
cells,  the  total  mass  of  tissue  can  be  divided  and  subcultures 
made. 

When  a  small  fragment  of  the  Rous  chicken  sarcoma  is 
cultivated  in  the  usual  way  in  chicken  plasma  and  em- 
bryonic tissue  juice,  an  extensive  litpiefaction  takes  i)lace  in 
the  surrounding  medium  within  few  hours,  and  the  fragment 
is  found  after  24  hours  to  be  floating  in  the  medium  sur- 
rounded by  numerous  spherical  cells.  After  a  few  passages, 
the  fragment  becomes  smaller  and  smaller,  and  dies.  The 
liquefaction  of  the  culture  medium  prevents  actual  increase 
of  the  mass  and  the  tissue  cannot  be  divided  and  the  cul- 
tures multiplied,  as  can  be  done  with  the  fibroblasts  and 
epithelium.  On  adding  a  piece  of  solid  muscular  tissue  to 
the  sarcomatous  tissue  in  the  culture,  the  sarcoma  cells  are 
observed  to  migrate  abundantly  to  the  muscle  before  any  li- 
quefaction of  the  medium  has  taken  place.  After  the  li- 
quefaction has  begun,  many  cells  have  already  migrated  over 
in  the  muscle  where  they  multiply  very  extensively,  inde- 
pendently  of  the  liquefaction   going  on. 

After  a  few  passages,  sometimes  already  after  the  I'ii'sl 
passage,  the  normal  muscle  fragment  and  the  sarcomatous 
tissue  adhere  to  each  other,  so  they  can  be  transfeiTed  as 
one  piece  of  tissue.  After  2 — 4  passages,  the  muscular  tis- 
sue is  so  invaded  by  sarcoma  cells,  that  it  can  be  separated 
from  the  original  tissue  and  li-ansferred  to  a  separate  cul- 
ture, where  it  is  able  to  grow  independently  and  behaves  ex- 
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actly  as  the  original  fragmonl  of  sarcomatous  tissue,  i.  e.  it 
liquefies  the  culture  medium  in  the  same  peculiar  way 
as  did  the  original  cxplanled  tumor  tissue  hy  producing  a 
very  mucous  secretion,  and  a  corona  of  ameboid  cells  can 
be  seen  migrating  out  from  the  muscle,  representing  the 
same  types  of  cells  as  found  in  the  original  piece. 


Fig.  57. 

Photo  of  a  living  culture  of  thie  Rous's  sarcoma.  Debris  and  fragments  of 

muscle's  can  be  seen  to  the  left,  floating  in  the  liquefied  plasma. 


By  and  by  the  muscle  gets  thick  and  intransparent  and 
debris  of  decayed  bundles  can  be  seen  floating  around 
together  with  the  spherical  cells  in  the  liquefied  plasma, 
Fig.  57.  Before  the  muscle  fragment  is  entirely  destroyed,  a 
new  piece  may  be  added  or  the  old  fragment  divided  up 
and   subcultured   with  the   addition  of  fresh  muscle. 
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This  iiu'lhod  ol'  cuUiNiilion  ol'  in;ili<^n;int  cells  is  very  simple 
and  easy  lo  ixTt'onii.  Nol  niuch  Irainiiiff  in  culhirc  Icchni- 
(|uc'  is  necessary  lo  carry  on  Ihcsc  cells  iddelinilely.  11  is 
ralhei'  aslonishin^  lo  see  how  easy  these  ciilliires  are  niulli- 
plied  lo  a  great  cxleiil.  in  a  week  oi"  so.  il  is  |)ossil)le  lo 
make    so    many   cultures.    Ihal    one    person    would    nol    have 


Fig.  58. 
Represents  a  section  through  a  culture  of  the  Rous  sarcoma  after  a  couple  of 
month's  cultivation.     An   infiltration    of   the    muscle  fragment   can  be  seen. 


time  lo  transfer  the  cultures  or  keep  Ihcm  going.  Il  is  scar- 
cely possible  to  loose  Ihe  strain,  il'  nothing  extraordinary 
happens,  such  as  infection. 

1    have    observed,    thai    o  n  e    si  n  g  1  e    s  a  r  coma    cell 
is  able  to  contaminate  a  piece  of  muscle  and  in  as  snort  a 
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lime  as  two  days  develoj)  a  cullurc  which  can  be  subcul- 
tured.  This  I  have  done  in  the  following  way.  II  is  often 
observed,  that  single  sarcoma  cells  migrate  relatively  long 
distances  from  the  mother  fragmenl.  lender  the  microscope 
it  can  be  seen,  how  such  cells  have  migrated  far  out  in  the 
plasma  and  it  is  very  easy  lo  cut  out  thai  paiM  of  the 
plasma,  containing  that  single  cell.  The  plasma  is  then 
brought  in  contact  with  a  fresh  piece  of  muscle  in  another 


Fig.  59. 
Represents  a  section  through  a  culture  of  the  Rous  sarcome  after  a  couple  of 
month's  cultivation.     An   infiltration    of   the    muscle  fragment   can  be  seen. 


culture  and  it  will  be  seen  that  the  cells  multiph'  xevy 
rapidly  and  grow  into  the  muscle.  This  phenomenon  will 
be  discussed  in  the  next  chapter.  It  can  be  seen  here,  that 
it  is  rather  simple  to  get  pure  cultures  of  the  sarcoma  cells 
from  one  single  individual. 

The  histological  examination  of  the  cultures  shows,  that 
the  muscular  tissue  added  to  the  sarcomatous  tissue  is  com- 
pletely invaded  by  the  sarcoma  cells  in  the  way  typical  for 
this  tumoi   in  vivo. 
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The  rigs.  58.  50.  CO  and  HI  represent  sections  througli 
such  cultures  ol'  the  I'eyion  R  o  u  s"s  sarcoma  after  a 
couple  of  month's  cultivation.  Shortly  before  the  fixation 
and  sectioning,  a  new  piece  of  muscular  tissue  was  added,  and 
now  it  can  be  seen  to  be  already  invaded  by  sarcoma  cells. 
In  fig.  58  a  part  of  the  muscle  formerly  added,  can  be  seen 


Fig.  60. 

Represents  a  section  through  a  culture  of  the  Rous  sarcome  after  a  couple  of 
month's  cultivation.     An    infiltration    of   the    muscle   fragment   can  be  seen. 


infiltrated  and  overfilled  with  Ihe  typical  polymorphous 
cells,  characteristic  for  this  lumor.  The  arrangement  of  the 
cells,  bundles  of  fibroblast  cells,  crossing  the  field  in  several 
directions  gives  a  picture  which  can  l)e  diagnosed  as  sarcoma 
The  cells  seem  to  grow  abundantly  and  multiply  rapidly 
in  the  muscular  tissue  and  finally  substitute  the  muscle 
bundles. 
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The  intcresling  fact  was  learned,  Ihal  the  sarcoma  cells  seem 
lo  be  able  to  transform  Ihc  protoplasm  of  the  muscular  tis- 
sue into  protoplasm  of  tiicir  own.  Only  a  trace  of  embryonic 
tissue  juice  was  added  to  the  culture  medium,  in  order  to 
obtain  a  quick  coagulation  and  a  firm  clot.  A  whole  scries 
of  cultures  of  sarconui  cells  have  been  cultivated  now  for 
more  than  two  months  without  the  slightest  embryonic 
tissue    juice.     We    are    now    able    better    to    underslami    the 


Fig.  61. 
Represents  a  section  ttirougti  a  culture  of  ttie  Rous  sarcome  after  a  couple  of 
month's  cultivation.    An   infiltration   of  the  muscle   fragment   can  be  seen. 


malignant,  parasitic  character  of  the  sarcoma  cells,  when 
they  in  vivo  are  able  to  attack  the  normal  healthy  cell  and 
destroy  it. 

It  can  now  be  concluded,  that  the  muscular  tissue,  stored 
in  the  ice-box  for  a  long  period  of  time  is  just  as  good 
a  food  for  the  sarcoma  cells  as  the  freshly  extirpated.  So 
far  it  has  been  possible  to  cultivate  the  Rous  chicken  sar- 
coma    in     vitro    for    about    2  years    with    the    addition    of 
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muscular  tissue,  stored  2—3  weeks  in  the  refrigerator,  the 
mass  of  the  tissue  being  increased  very  much  during  llial. 
time.  It  can  therefore  be  conckided,  thai  the  sarcoma. 
can  be  cultivated  indefinitely  this  way.  The  strain  now 
under    cultivation    is    about   2   years    old. 

There  is  every  reason  to  belive,  that  other  malignant  tumor 
cells  can  be  cultivated  the  same  way.  The  human  sar- 
comata  will  be  tried   as  soon  as  material  can  be  oblained. 

Experiments  of  reinoculalion  of  the  R  o  u  s"s  chicken 
sarcoma  from  cultures  have  been  undertaken  all  the  limo 
during  the  cultivation.  It  was  observed  that  one  single 
culture  inoculated  subculaneously  on  the  breast  of  big 
chickens  showed  to  be  sufficient  to  develop  a  tumor  which 
4—6  weeks  after  causes  the  death  of  the  animals.  Fig.  (52 
represents  a  section  of  a  tumor  from  a  big  chicken  which 
has  been  inoculated  with  only  one  culture  of  sarcoma  cells 
which  had  undergone  about  40  passages  in  vitro.  Reinocu- 
lalion of  tumor  tissue  from  cultures  have  been  performed 
by  L  a  m  b  e  r  t  and  H  a  n  e  s,  R  h.  E  r  d  m  a  n  n.  but  the  malig- 
nant tissue  had  been  cultivated  only  for  a  ahori  time  in 
vitro. 

We  have  learned  from  these  experiments,  that  it  is  pos- 
sible to  cultivate  a  strain  of  malignant  tumor  cells,,  the 
Rous  sarcoma,  indefinitely  outside  the  body  the  cells  still 
maintaining  their  malignant  character.  We  are  dealing  with 
cells,  which  have  a  decidedly  different  physiological  cha- 
racter than  the  normal  tissue  cells. 

Numerous  problems  for  investigation  are  opened  up  by 
this  method.  The  interesting  question  of  the  relation  of  the 
stroma  cells  to  the  malignant  cells,  which  R  h.  E  r  d  m  a  n  n 
1^3)  has  pointed  out,  will  possibly  be  cleared  up  by  this 
method,  by  which  it  is  possible  to  obtain  strains  of  the 
malignant  cells  from  only  one  cell. 

A  method  is  developed,  by  which  it  is  possible  to  cul- 
tivate sarcoma  cells  of  the  type  of  R  o  u  s's  chicken  sarcoma, 
indefinitelx  outside  the  body,  which  hitherto  has  been  un- 
successful. 
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The  technique  is  more  simple  than  any  of  the  others 
for  keeping  strains  of  tissue  cells  in  vitro,  and  practically 
no   training  is  necessary. 

The  investigation  of  numerous  })rol)lems  of  importance 
is  rendered  possible  by  means  of  this  method.  We  have 
here  an  inexpensive  and  simple  way  of  carrying  on  the 
virulent  sarcomatous  tissue  cells  from  piece  to  piece  of 
fresh   muscular   tissue. 


Fig.  62. 
Represents  a  section  of  a  tumor  from  a  chicken  whicti  has  been  inoculated 
with  a  culture  of  sarcoma  cells,    that    has    undergone  40  passages  in   vitro. 


By  studying  the  Ron  s's  chicken  sarcoma  in  vitro  accord- 
ing to  the  method  already  described,  several  new  facts 
have  been  discovered  already,  as  to  the  biological  character 
of  these  cells.  From  the  cultivation  of  the  malignant  sarcoma 
cells  it  is  learned  that  these  cells  are  able  to  synthesisi© 
their    own    living   protoplasm    from    the    serum   constituents 
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and  the  dead  muscular  proloplasm.  Only  leucocytes  were 
found  to  be  able  to  build  uj)  their  own  proloplasm  and 
Iransiorm  the  serum  consliluenls  to  material  which  can 
serve  as  a  food  for  fibroblasts.  I'ibroblasts,  epithelial  cells 
and  cartilage  are  not  able  to  live  and  multiply  in  media 
which  do  not  contain  embryonic  tissue  juice.  In  other 
words  this  means  that  there  is  a  capital  difference  between 
the  character  of  normal  tissue  cells  and  the  Rous  chicken 
sarcoma  cells  as  types  of  the  malignant  cells.  This  fact 
helj)s  us  to  understand  a  good  deal  more  of  the  nature  of 
the   malignancy  of  the   sarcoma  cells. 

Besides  this  character,  the  sarconui  cells  have  a  remark- 
able ability  of  liquefying  the  plasma  medium,  a  characteristic 
which  has  already  been  described  long  ago,  and  found  by 
almost  every  investigator  who  has  cultivated  malignant  tissue 
cells  in  vitro. 

To  these  two  biological  characteristics  of  the  malignant 
cells,  we  may  add  a  third,  which,  I  believe,  is  at  least 
equally  as  im])ortant  as  tiie  others.  By  this  it  is  possible 
also  to  explain  the  propagative  and  destructive  nature  of 
the  tumor  cells.  The  sarcoma  cells  of  the  Rous 
chicken  sarcoma  are  observed  to  divide  e ^•  e  n 
when  the  cells  are  scattered,  isolated  and  in 
no  protoplasmic  contact  with  other  cells. 
In  a  former  chapter:  "The  integi'ity  of  tissue  cells",  it  was 
descril)e(l  that  normal  fibroblasts  were  not  able  to  divide 
and  multiply  from  one  single  cell.  Only  when  several  indi- 
vidual tissue  cells  were  in  close  contact  with  one  another,  an 
outgrowth  of  new  cells  would  take  place.  It  was  also  men- 
tioned that  the  colonising  abilit}'  of  normal  tissue  cells 
could  not  only  be  observed  physiologically,  but  also  histo- 
logically Cultures  of  normal  ril)roblasts,  especially  after 
they  have  been  stained  and  prepared  with  chloride  of  gold, 
show  that  all  cell  individuals  are  in  anastomotic  connection 
with  one  another.  The  tissue  colony,  taken  as  a  whole 
resembles  that  of  a  syncytium,  more  than  anything  else. 
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Cultures  of  sarcoma  cells  show  often  a  different  picture. 
Aftei'  24—18  hours  incubation,  one  maj^  find  sarcoma  cells 
scattered  almost  all  over  the  culture  medium.  This  and 
the  fact,  that  one  single  sarcoma  cell  is  sufficient  to  con- 
taminate a  piece  of  dead  muscular  tissue  and  give  rise  to 
unlimited  quantities  of  sarcomatous  tissue,  explains  the  re- 
lative  independency  of  the   sarcoma  cells. 

For  the  study  of  the  cell  division  of  the  sarcoma  cells, 
cultures  were  prepared  of  Rous  chicken  sarcoma  and  a 
few  human  sarcomata,  an  osteosarcoma  and  glio-sarcoma. 
The  human  tissues  were  prepared  for  cultures  shortly  after 
removal  from  the  patients  by  operation.  The  culture  medium 
for  the  Rous  sarcoma  which  was  found  most  suitable,  was 
composed  of  two  volumes  chicken  plasma  and  a  trace  of  em- 
bryonic tissue  juice.  If  too  much  embryonic  tissue  juice 
was  added,  an  extensive  liquefaction  occurred  in  the  plasma 
clot.  The  culture  medium  used  for  the  human  tissues,  was 
composed  of  varying  amounts  of  human  plasma  and  chicken 
plasma  and  an  addition  of  extract  from  the  respective 
sarcomata  or  human  muscular  tissue. 

It  proved  to  be  less  difficult  to  obtain  isolated  individuals 
of  sarcoma  cells,  than  was  the  case  with  the  fibroblasts. 
The  observations  were  made  during  the  first  passages  or 
after  the  sarcoma  cells  had  been  cultivated  for  about  11 
days  to  8  weeks.  Usually  it  was  not  necessary  to  make 
special  arrangements  for  getting  isolated  cells  for  the  obser- 
vations. The  cells  behaved  in  that  respect  differently  from 
the  normal  fibroblasts;  the  tendency  to  form  tissues  is  not 
excessive.  In  all  the  cultures  it  was  eas}^  to  find  perfectly 
isolated  cells  in  the  periphery  of  the  cultures.  The  cells  are 
usualh^  very  active  ameboid  and  migrated  far  out  into  the 
culture  medium. 

The  sarcoma  cells  foi'ui  very  loose  connections  with  other 
cells,  compared  with  those  of  normal  tissue  cells  and  be- 
sides that,  they  liquefy  the  plasma  very  intensively.  This 
was  made  use  of  in  aspirating  the  liquefied  plasma,  includ- 
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iiif^  Hk'  cells  niid  cNpcllin^  llu-m  on  a  covor-slij),  on  which 
Ihcrc  is  a  clroj)  of  IVcsh  plasma  and  omlji'vonic  tissue  juice. 
By  this  method,  it  was  ])ossil)le  to  ol)(ain  hundreds  of 
isolated    cells    on    one    slide. 

The  observations  were  made  under  the  hii^h  power  mi- 
croscope, which  was  placed  in  a  special  heating  box,  in 
order  to  keep  the  cultures  at  body-temperature  during 
observation. 

It  rc(iuired  much  patience  to  keep  on  observing  these 
cells  for  hoiH's  under  the  high  powei'  lenses.  It  was  vej'v 
tiresome  and  often  rather  disa])poinling,  because  of  the 
many  cells  and  cell-groups,  which  were  found  unsuitable 
for   these  obsei'\'ations. 

The  various  typical  changes  of  the  cell-shape  were  im- 
mediately drawn  on  paper.  Sometimes,  however,  the  move- 
ments were  so  lively,  that  it  was  almost  imjjossible  to  make 
the  drawings  fast  enough  during  the  observation.  In  these 
cases,  micro-cinematographic  recording  would  have  been 
of  excellent  use  and  would  fiave  given  W'Onderful  infor- 
mation. 

It  can  be  generally  stated  thai  almost  in  all  cultures 
that  could  be  observed,  the  sarcoma  cells  were  able  to 
divide  independently,  when  they  were  isolated  and  scat- 
tered. The  mechanism  of  the  cell  division  of  the  sarcoma 
cells  was  so  entirely  different  from  that  of  the  normal 
tissue  cells  in  vitro,  that  mitotic  cell  division  was  very 
seldom   observed   in   the   cultures   of  sarcoma  cells. 

The  cells  which  were  seen  growing  out  from  the  ex- 
planted  piece  of  the  Rous  chicken  sarcoma,  were  extremely 
polymorphous.  The  sizes  of  the  various  t3'pes  of  cells  were 
innumerable.  The  smallest  of  the  cells  w^ere  about  the 
size  of  big  bacteria  or  blood-platelets  and  the  largest  al- 
most 50 — 150  times  larger  than  the  smallest.  The  type  of 
small  ameboid  cells  and  the  type  of  the  medium-sized 
were  far  the  most  active  of  all  the  cells.  The  big  cells, 
almost    giant    cells,    were    usually    very    slow    in    movement 
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and  i)r(st'rv('(l  llu-ii-  shape  of  oullinc  for  hours.  These  cells 
looked  more  like  hig  rihrohhisls  in  respect  to  their  spread 
of  cytoplasm  and  iheii*  more  os  less  spindle  shape. 

/.    The  type  of  medium  ami  small  cells. 

Fig.    63    represents    I  he    type    of    the    smallest    observed 

cells   found    in    the    Rous   chicken    sarcoma    in   vitro.    Their 

cytoplasm   were  very  granulated   and   the  nucleus  could  not 

he    distinguished   in   the    living    cells.    These    cells   were    ex- 
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Fig.  63. 
Ttie  type  of  the  small  cells  in  the  Rous's  chicken  sarcome. 


tremely  lively  in  movement.  Broad  tongue-like  and  fine 
filifoi-m  pseudopods  were  pushed  out  and  retracted.  Several 
filiform  pseudopods  could  he  seen  put  out  at  the  same 
lime  and  were  observed  to  move  like  cilia,  i.  e.,  the  move- 
ment, which  the  extreme  point  of  the  pseudopods  described, 
was  circular,  concentric  to  the  axis  of  the  cell,  figs.  63^. 
63^,    63g. 

In  fixed  and  stained  preparations,  these  cells  looked 
as  shown  semi-diagrammatically  in  fig.  64.  The  cytoplasm 
took  up  the  stain,  x\zur  II  and  methylene-blue,  very  inten- 
sively. The  nucleus  or  nuclei,  sometimes  there  were  several, 
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were  either  rather  distinct,  lig.  61,,  or  were  only  re- 
presented as  several  ()ieces  of  chronuilic  fra,i>nu'iits,  scattered 
in    the    prot()|)lasni. 

These  kinds  of  cells  were  rather  nnniei-oiisly  re|)resenled 
in  ail  the  cultnres  of  llu'  chicken  sarcoma.  Besides  this 
type,  another  cell  type  was  represented,  namely,  a  medinm 
sized  with  a  rather  clear  cytoplasm,  very  finely  granulated 
and  containing  a  few  vacuoles  only.  Fig.  65  "  represents 
this  type.  The  movement  of  the  cell  was  also  vei'v  lively. 
The  changes  in  the  outline  of  the  cell  can  be  followed  in 
fig.    65;    the    tinu-    it    took   for    the  cell    to   adapt    the  various 


Fig.  64. 

The  type  of  ttie  small  cells  in  the  Rous's 

sarcoma,  stained  with  Azur  11. 

shapes,  illustrated  in  fig.  65,  was  about  10  minutes.  The 
cell,  representing  the  medium  sized  type  of  cell,  could  be 
seen  wandering  in  and  among  some  other  cells  in  the 
same  microscopic  field. 


2.    The  lype  of  bU]  ameboid  cells. 

Characteristic  for  these  cells  is  the  slow  movement  of 
their'  cytoplasm.  The  shape  is  rather  spherical  and  the 
cytoj)lasm  highly  granulated  and  the  nucleus  can  very  seldom 
be  seen  in  the  living  cells,  fig  iUi.  When  stained,  the  nucleus 
is  rather  distinct  and  usually  contains  one  big  nucleolus 
and  a  couple  of  smaller  ones,  fig.  67.  Very  characteristic 
is  the  peculiar  way  the  granula  and  vacuoles  are  arranged. 
Often  big  vacuoles  are  arranged  as  a  single  layer  in  the 
periphery    of    the    cell,    or    they    are    arranged    as    a  circu- 


261 


13 


14 


Fig.  65. 

The   cell    marked   x    represent   the    type    of    the    medium  sized  cell  of   the 

Rous' s  sarcome. 
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lar  laycM-  around  llu'  very  lincly  jframilalcd  mass  of  the 
central  j)art  of  llic  ci'il  fig.  67,..  At  oIIut  limes  one  will 
see  colonies  of  even-sized  vacuoles,  surrounded  i).\  a  Ihin 
meml)rane  somewhere  in  the  cytoplasm,  fig.  ()7i.  Sometimes 
structures  can  be  seen  in  the  cytoplasm,  which  look  almost 
like  crystals  of  fatty  acids. 

.V.    The  type  of  spindle-shaped  cells. 
These  cells  look  almost  like  ty|)ical  fibrol)lasts.  hut  rather 
big.  Sometimes  they  resemble  most  of  all  the  transition  forms 
between    the  big  mononuclear    ivmpliocyles   and    fil)roblasts. 


Fig.  66. 
The  type  of  big  ameboid  cells  of  ttie  Rous's  sarcome. 


which  are  described  by  Carrel  '"0  i.  e.,  the  one  end  of  the 
cell  is  thin  and  filiform  as  in  fibroblasts,  and  the  other 
end  may  show  filiform  or  tongue-like  j^seudojxxls.  The 
cytoplasm  is  usually  filled  with  granules.  The  nucleus  may 
be  found  with  a  distinct  membrane,  containing  one  to  four 
nucleoli,  fig.  68.  Other  cells  of  this  type  may  show  peculiar 
chromatic  fragments  distributed  in  the  cytoi)lasm.  fig.  69. 
CJiaracteristic  for  all  the  cell  types  from  tlie  sarcomatous 
tissue  is  their  great  activity.  Vixen  the  slow  mo\ing  cells 
exhibit  a  greater  motile  activity  than  do  the  normal  fibro- 
blasts. Characteristic  for  the  sarcoma  cells  is  their  ability 
to  unite  and  amalgamate  with  other  similar  cells.  It  seems 
here    to    bi'    a     real     imition     which     lakes    |)lace.     It    is    not 
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a  mere  conlact  or  cohesion  between  the  cells,  which  so 
often  can  be  observed  to  take  place  between  normal  fibro- 
blasts, for  instance,  bul  a  verital)le  amalgamalion  into  one 
cell.  It  has  so  far  been  impossible  lo  observe  an  uneven 
distribution  of  Ihe  granules  ot  Iwo  united  cells,  which, 
on  the  conlrary.  would  indicate  a  pseudo-amalgamation. 
After  such  an  amalgamation  of  two  or  several  cells  has 
taken  place,  they  generally  separate  shortly  after  into  just 
as    many   individuals    as    they    were    before    united. 


Fig.  67. 

Type  of  the  big  ameboid  cells  ofjthe  Rous's   sarcome 

stained  with  methylene  blue. 


This  phenomenon  of  perfect  amalgamation  was  observed 
in  all  the  cultures  of  malignant  cells,  including  the  various 
sarcomata  and  the  F  1  e  xner-.To  bl  i  n  g  rat  carcinoma.  It 
has    never    been    observed    to    occur    in    normal    fibroblasts. 

Some  few  times,  a  very  interesting  j^henomenon  was 
observed  namely,  that  two  cells,  belonging  to  the  type  of 
the  big  ameboid  cells,  amalgamated  perfectly,  and  shortly 
after  their  separation,  about  one  to  two  minutes,  each  cell 
divided  into  two  at  the  very  same  moment.  The  new  cells 
were  much  smaller  than  the  mother  cells.  This  was  rather 
a  surprising  fact,  as  it  has  never  been  observed  in  normal 
tissue  cells.  The  observations  were  always  made  with  extreme 
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care,  in  order  lo  observe  in  detail  what  happened;  and  it 
was  very  easy  indeed  lo  see,  that  the  two  eells  divided 
and  Ihal  all  llic  I  lU'w  cells  moved  away  in  differeiU  direc- 
tions with  a  lively  prol()i)lasnde  inov'emenl.  In  one  ol'  the 
observations,  it  was  possible  to  I'ix  and  stain  the  culture 
immediately  alter  the  interesting  cell  division  and  later 
find  the  cells  again,  thereby  controlling  the  observation 
of  the  living  cells  with  the  same  cells  in  fixed  and  stained 
condition.  This  conjugation,  if  we  may  so  term  it.  followed 
by  the  cell  division,  can  be  seen  in  fig.  66. 


Fig.768. 

Tfie  type  of  spindle-stiaped  cells  of  ttie  Rous's  sarcome, 

stained  with  methylene  blue. 


It  was  frequently  observed,  that  the  isolated  sarcoma 
cells  divided  independently.  The  new  cells  were  very  often 
much  smaller  than  the  mother  cells.  Any  mitosis  has  not  been 
observed.  In  an  extreme  case,  one  single  cell  separated 
cells  which  were  many  times  smaller  than  the  mother 
cell,  and  it  was  observed  how  one  cell  finally  was  split 
up  into  seven  small  cells.  It  is  noteworthy  that  all  the 
small  were  moving  alx)ut.  No  wonder  that  the  picture  of 
the  sarcomatous  tissue  is  very  polymorphous,  when  the 
cells   are  able   to   divide,   separating  cells  of  different   sizes. 

In  some  preparations  a  kind  of  struggle  between  two  cells, 
not    belonging    to    the    same    type,    was    observed.    Fig.    70 
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illustrates  how  a  cell,  belonging  to  the  medium-sized  cell 
type,  tried  to  jjenetrate  into  a  much  larger  cell,  belonging  to 
the  fibroblastic  type  of  cell.  In  the  fig.  70:,,  70  3,  it  can  be 
seen  how  the  small  active  cell  is  pushing  against  the  proto- 
plasm of  the  big  cell.  After  this  visit,  it  was  interesting 
to  discover  if  any  changes  were  going  to  occur  in  the 
fibroblastic  cell  type.  The  only  change,  which  could  be 
observed,  was  that  two  vacuoles  floated  up  to  the  place 
attacked    by   the  smaller    cell.    (Fig.    7O5). 


Fig.  69. 

The  type  of  spindle-shaped  cells  of  the  Rous's  sarcome 

stained  with  methylene  blue. 


The  main  conclusion  of  these  observations  was,  that 
the  cells,  which  are  assumed  to  be  the  bearers  of  the 
malignancy,  are  able  to  divide  when  isolated  and  scaltered. 
This  is  not  found  to  be  the  case  with  isolated  and  scattered 
normal  fibroblasts.  The  isolation  and  the  distribution  of 
the  sarcoma  cells  were  ver}'^  easy  to  perform,  because  they 
form  loose  connections  with  each  other.  Also  this  indicates 
the  independency  of  the  sarcoma  cells,  compared  with  that 
of    the   normal    fibroblasts. 

Still  more  interesting  is  the  fact,  that  the  new  cells, 
separated  from  the  mother  cells,  were  generally  of  a  much 
smaller   size   than   the   mother   cells. 
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III  all  tbi'  c'liltiii'cs  examined,  ol'  luimaii  sarcoiiiala.  chicken 
sarconia  as  wi-ll  as  ol'  I"  I  e  \  n  e  r  -  .1  o  h  1  i  n  jf  ral  car- 
cinoma, il  was  ()1)si'1"\cm1  that  Ihe  cells  wi'i'c  wandeiMiiy 
in  and  amoni;  olluT  cells.  eslal)lisliini.f  |)ei1\'cl  imilion  wiili 
Ihem.  whereupon  they  sei)arale(l  af^ain.  wanderin<T  h)  othei" 
cells,  uniting  and  separalinfj  and  so  on.  In  a  Tew  cases 
il  was  aclually  ohser\'ed.  how  a  pi'i-lecl  amaIf»amalion  ol" 
Iwo  cells  look  place,  whereupon  lhe\'  sepai'aled  and  each 
cell  dividtnl  and  llu'  1  new  indi\iduals  weri'  movini*  around 
under   lively    ameboid   movemenl. 
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Fig.  70. 
Represent  a  cell  belonging  to  the  medium  sized  cell  type,   trying  to   pene- 
trate into  a  much  larger  cell  belonging  to  the  fibroblastic  type  of  cell. 


It  is  loo  I'ai-lv  now  lo  say  anything  al)oul  the  significance 
of  the  process  of  amalgamation  of  malignant  cells  with 
regard  to  cell  division.  Compared  with  the  observations 
made  on  normal  fibroblasts,  where  no  cell  division  of  scat- 
tered and  isolated  individuals  was  seen,  il  must  be  said 
that  what  is  described  here  is  a  general  occurrence  for 
the  sarcoma  cells.  In  almost  all  the  examined  cultures  of 
sarcoma  cells,  which  were  isolated,  cell  divisions  could 
be  observed.  That  this  is  Irui'.  1  foimd  by  trying  to 
contaminate  a  piece  of  nornial  muscular  tissue  with  only 
one  sarcoma  cell  and  I  was  within  18  hours  able  la 
obtain    a    bii«    culture    of    sarcoma    cells. 
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I  may  summarize  the  results  of  tlie  experiuienls  on 
the    cultivation    of    the    chicken    sarcoma    cells    by    sayin^: 

1)  Sarcoma  cells  behave  as  independent  cell  indi- 
viduals, i.  e.  they  are  able  to  multiply  even  when 
they    are   scattered    and    isolated    in    the    culture   nu'dium. 

2)  Sarcoma  cells  are  able  to  synthesise  pro- 
toplasm of  their  own  fro  m  the  s  e  r  u  m  con- 
stituents   and    dead    muscular    tissue. 

3)  Sarcoma  cells  1 1  (j  u  e  f  y  the  fibrin  in  t  li  e  plas- 
ma medium  more  e  x  t  e  n  s  i  v  e  1  y  t  h  a  u  d  o  any 
other    normal    tissue    cells. 

These  three  biological  characteristics  of  the  sarcoma  cells 
sufficiently  explain  the  aggressive,  invasive  and  destructive 
ability   of  these   cells   in   vivo. 

In  order  to  learn  about  the  destructive  mechanism  of 
the  sarcoma  cells  in  vivo,  experiments  were  undertaken  to 
study  the  manner  in  which  the  sarcoma  cells  are  able  to 
attack  normal  tissue  cells  and  suppress  their  action.  We 
know  of  course  that  the  malignant  cells  are  able  to  suppress 
the  growth  of  the  normal  tissues,  but  the  way  they  do  so 
we   know   absolutely   nothing   about. 

The  interrelation  of  normal  fibroblasts  and  sarcoma  cells 
was  studied  directly  in  the  tissue  cultures.  To  distinguish 
between  the  normal  fibroblasts  and  the  sarcoma  cells,  the 
latter   were   vitally    stained. 

The  experiments  were  made  in  the  following  way:  To 
cultures  of  sarcoma  cells  was  added  neutral  red,  trypan 
red  or  Janus  green  in  solutions  1:20.000.  At  the  end  of  21 
hours  incubation,  the  niigraicd  sarcoma  cells  had  readily 
absorbed  the  stain;  the  cultures  were  then  o])ened  and  by 
means  of  a  fine  pipette,  a  little  of  the  liquefied  plasma 
medium  containing  numerous  vitally  stained  sarcoma 
cells,  was  aspirated.  The  contents  of  the  pipette  were  in- 
troduced into  a  24  hours  old  culture  of  fibroblasts  I'belonging 
to  a  strain  V/^  year  old,  cultivated  in  I  he  Instiliilc  of 
General  Pathology  of  Copenhagen). 
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By  this  method  I  somclimos  succeeded  in  getlinj^  a  micro- 
scopical I'iehl  with  a  vitally  stained  sarcoma  cell  in  close 
proximity    to    an    unstained    normal    fibroblast. 

In  thr  nieanlinu'  the  results  of  these  e\|)criments  were 
rnllier  lu^atiw  It  was  never  learned  by  the  method  whether 
a  sarcoma  cell  was  able  to  liarm  a  normal 
til)r()l)last  in  a  wa\  that  could  be  observed 
directly.  I'xperimenls  of  this  kind  naturally 
demand  a  patient  observation  over  a  lonj^ 
[period  of  time.  If  nothing  happens  within 
a  relative  short  time,  the  vitally  stained 
sarcoma  cells  become  decolorized  and  no 
longer  recognisable  as  sarcoma  cells. 

An   other  exi)erimental  device  gave  mucli 
better  information. 

A  few  carcoma  cells  were  added,  by 
means  of  a  pipette,  to  a  big  culture  of  fibro- 
blasts grown  in  one  of  the  culture  flasks 
(type  D)  ad  modum  Carrel  *5''').  A  few  days 
later  it  w^as  observed  that  the  plasma  in 
the  periphery  of  the  tissue  l)egan  to  liquefy, 
(Fig.  71).  The  zone  of  liciuefaction  increa- 
sed in  size  and  the  colony  of  fibroblasts 
was  found  as  a  small  retracted  piece  of 
tissue  on  the  shore  of  the  lake  of  liquehed 
plasma.  At  the  end  of  three  weeks  or  so. 
the  entire  plasma  in  the  c"ulture  flask  had 
cells.     Ttie   figures    hquefied. 

represent  ttie   vari  It  has  been   a  generally   opinion   though 

ous  degree  of  lique-    „ot  supported    by    experimental    facts,    that 
^'^  '*^"  connective    tissue    cells    are    able    to    over- 

grow the  malignant  cells  in  cultures.  We  know,  further- 
more, that  fibroblasts  can  hardly  be  avoided  when  other 
kinds  of  tissue  colls  have  to  be  obtained  in  pure  culture. 
l-"rom  experiments  undertaken  here,  it  seems  as  if  tlie 
malignant    cells    are    able    to    sujjpress    the    growth  of  hbro- 


Fig.  71. 
A  culture  of   fibro- 
blasts contaminated 
witti  a  few  sarcoma 
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blasts.  This  is  probably  nol  clue  lo  (he  luxuriant  growth 
of  the  maglinanl  cells  in  the  cultures,  but  because  of  some 
of  the  peculiarities  of  the  malignant  cells.  It  is  without 
doubt  the  liquefying  power  of  the  sarcoma  cells  which  has 
deprived  the  fibroblasts  of  their  stroma,  and  scattered  these 
cells.  The  proteolytic  power  of  the  sarcoma  cells  may 
therefore  also  play  an  important  role  in  the  mechanism 
of  the  malignity.  That  the  sarcoma  cells  actually  are  able 
to  disintegrate  entirely  a  normal  complex  tissue,  was  de- 
monstrated by  other  experiments. 

To  a  culture  of  a  fragment  of  intestine  of  a  chicken  em- 
bryo (20  days  old),  was  added  a  small  piece  of  sarcomatous 
tissue  of  the  Rous  sarcoma;  the  intestinal  fragment  had 
been  cultivated  in  vitro  for  about  a  month,  and  intestinal 
epithelium  had  grown  all  around  the  fragment,  so  that 
it  looked  like  an  epithelial  cyst.  The  cyst  or  'intestinal 
organism ",  and  a  piece  of  sarcomatous  tissue  was  placed 
side  by  side  in  one  culture  and  allowed  to  grow  in  that  way. 
A  few  days  later,  the  intestinal  cyst  had  perfectly  disap- 
peared and  the  sarcomatous  tissue  was  left.  The  effect  of 
the  sarcoma  cells  on  the  '•intestinal  organism"  was  a  perfect 
disintegration  of  its  cellular  elements.  The  stroma  of  the 
tissue  has  been  digested  by  the  sarcoma  cells,  and  the 
cells  falling  apart,  could  now  be  observed  floating  around 
in  the  liquefied  medium.  These  scattered  cells  are  no  longer 
able    to   reunite   or   proliferate. 

These  biological  characters  observed  for  the  malignant 
sarcoma  cells  in  vitro,  are  undoubtedly  responsible  for  theij' 
destructive,  parasitic  character  in  vivo. 

^\e  could  imagine  that  the  destructive  process  of  the 
sarcoma  cells  in  vivo  would  be  as  follow^s.  First  the  stroma 
binding  the  cells  together  is  liquefied.  Consequenth^  reor- 
ganisation cannot  take  place  as  long  as  the  lytic  agent,  the 
sarcoma  cells,  is  present  and  because  the  fixed  tissue  cells 
are  deprived  their  fibrin  stroma.  Besides  we  have  learned 
that  the  scattered  and  isolated  tissue  cells  are  not  able  to 
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«^ro\v  MiKi  iiuilliply.  I'lirllu'rniort'  normal  tissue  cells  are 
not  al)l('  lt<  l)uikl  up  Iheir  pi'oloplasiii  from  the  serum  con- 
sliluenls  or  ik-ad  tissue  cells.  'J'he  sarcoma  cells  are.  how- 
ever, on  llu-  contrary  al)Ie  to  nuillipiy  whcji  (lie  cells  are 
scattered  and  isolated  yinetaslasis  ;  tlie>'  have  the  ]>()\ver  to 
synthesise  Llieir  own  })r()toplasm  from  the  serum  substances 
or  from  dead  tissue.  On  account  of  this  it  i.^  ohvious  thai 
the  regeneration  of  normal   tissue  cells  is  handicapped. 

The  three  factors  uientioned  here  as  the  explanation  of 
the  mechanism  of  the  malignity  of  the  sarcoma  cells,  arc 
probal)ly  no!  the  only  factors  playing  a  role,  but  in  any 
case    they    are   sufficient    to   explain    the   malignity. 

Another  problem  it  would  be  very  interesting  to  in- 
vestigate is  why  the  leucocytes  in  a  case  of  malignant 
tumor,  are  not  attracted  in  large  quantities,  secreting  tre- 
phones  necessai'v  for  the  regeneration  of  the  normal  tissues. 
Probably  the  trephones  would  not  have  any  influence  on 
the  regeneration  of  the  normal  tissues,  even  if  there  were 
pk'nty  of  leucocytes,  because  of  the  liquefaction  of  the 
fibrin  stroma  which  is  caused  by  the  malignant  cells.  It 
should  be  indicated  here,  that  the  proteolyzis  caused  by 
the  malignant  cells  are  probabl}^  also  responsible  to  some 
extent  for  the  metaplasia  of  these  cells.  According  to  the 
experiments  of  l^I  h  1  e  n  h  u  t  h  ^^^)  and  others,  we  know  how 
the  morphology  of  the  tissue  cells  depends  upon  the  phy- 
sical conditions  of  the  milieu  exterieure. 

It  has  been  stated  by  several  investigators  that  certain 
tissues  ())•  organgs  are  spontaneous  or  primary  resistant  to 
malignant  tissue  growth.  It  has  been  staled  by  Murphy  "") 
that  spleen  tissue,  for  instance,  has  an  inhibiting  effect  on  the 
gi'owth  of  malignant  tumors. 

I  have  therefore  tried  to  add  various  organs  to  the  cul- 
tures of  R  o  u  s  sarcoma  instead  of  the  muscular  tissue.  So 
far  the  sarcoma  cells  have  been  able  to  invade,  during  the 
process  of  destruction  and  disintegration,  the  various  tissues. 
It    was    found    that    spleen    had    a  marked    accelerating    in- 
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I'liu'iK'c  on  the   rale  ol'  orowih  and   on   Ihc  maliffnily  of  (lie 
sarcoma  cells. 

Numcrons  problems  arc  being  worked  out  al  Ihe  present 
lime  to  investigate  the  l)ehaviour  of  sarcoma  cells  towards 
normal  tissue  cells;  and  as  il  lias  often  \)vvn  observed  tbat 
some  chickens  are  primarily  immune  to  inoculation  of  ttie 
Rous  sarcoma,  it  is  my  ho])e  by  means  of  the  tissue 
cultivation  method  to  discover  whether  this  immunity  is 
humeral  or  cellular. 
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Bac.  tuberculosis,  238 

Bac.  typhi,  237. 

Bacteria,  237. 

Bactericidal    action,    238,  239. 

Basal  membranes,   188,   191. 

Bathing  the  cultures,  86. 

Berkefeld  filtration,  of  embrys 

onic  juice,  42,  65,   144. 
Bioblast  theory,   155. 
Bleeding,  82. 

Blood  coal  as    adsorbent,    54. 
Bone,    216,    —  marrow,    218, 

220,  240. 
Buffer  action  of  emb.  juice,  69. 

Cancerous     epithelium,      193, 

243. 
Capillary   suction   significance 

of,  37,  39. 
Carcinoma,   243,  263,  266. 
Carboshydrates,  43. 
Carbondioxide     precipitation, 

47,  65,   151. 
Cartilage,  30,  1  29,  216,  219. 
Casein,  235. 
Cataphoresis,  55. 
Cell  division,    158,   167. 
Cellular     contact,     113,     119, 

155,  163,  179,  186. 


Centriole,  211. 
Centrospheres,  211. 
Chamberland  filtration  of  ems 

bryonic  juice,  42,  65,    144. 
Chemotaxis,  20 
Chickensbroth,  95,   153. 
Chromatic  substances,  260. 
Chromogen,  210. 
Cicatrization,     26,      43,     143, 

152,  204. 
Cinematography,  97,  179,  258. 
Clasmatocytes,  209. 
Classification    of    tissue  cells, 

217. 
Cleaning  of  glassswares,  85. 
Cold  blooded  animals,    tissue 

of,  95. 
Colloidal     system     of    blood 

proteins,  51. 
Colonisation,  256. 
Complement,  221,  239. 
Complex  tissues,   188,   1  95. 
Conjugation.  264. 
Connective   tissue,    fibrils,  29, 

30,  212,  219. 
Contamination      with      fibros 

blasts,   108,;  122. 
Contractile  elements,   186. 
Contractions   of   heart    tissue, 

179     —     of    cross     striated 

muscles,  218 
Controlled  growth  188,   195. 
Correlation  of  tissues,   189 
Cottonsthreads,     27,     35,    39, 

156. 

Coversslip,  35,  95. 

Cubic  epithelium,  197. 

Culture  media,   34,  95. 

Cultures,  examination  of  lis 
ving,  97,  —  staining  of  97, 
—  fixation  of,  98,  —  dehys 
dration  of,  99,  —  pure, 
103,  —  mixed  of  epithelium 

20* 
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.indfihrobl.istsl24,  190,- 

epithclium,    104,   —  of  carti. 

bgc,    129,  —  of   large    mo-. 

nonuclear  leucocytes,  1  34. 
Cuticula,   197. 

Cutting  the  cultures,  86,  89. 
Cystic  formation,   197. 
Cytotoxic  immunity,  221,  239, 

241, 
Cytotoxins,  221,  238,  240. 

Dedifferentiation,  28,  103, 
108,  124,   126,  132,  192. 

Degeneration  granules,  208, 
211. 

Degenerative  processes,  31, 
207,  211,  217. 

Dehydration,  99. 

Destruction,  256. 

Differential  staining,   124. 

Differentiating  factor,   195. 

Differentiation,  27,  28. 

Disperse  system  of  the  body» 
juices,  67,  68. 

Displacing  agents,  58,  59,  61. 

Dissociation  of  adsorbed  sub- 
stances,   57,  58,  59,  61,  62. 

Dog  serum,  230. 

Drawing  of  the  tissue,  91. 

Drosophila,  70,   147. 

Duck  heart  tissue,   184. 

Duration  of  life,  70,  147, 
148,   176. 

Ectoderm,  218. 
Kggalbumin,  43,  87. 
Eggs  for  incubation,  83. 
Egg-yolk,  43. 
Elderberry-pith,  38,  92. 
Elective  method,   104. 
Embedding,     99,     —    in     the 
clot  109,  112,  119,  130,  134. 
Embryonic  tissue  juice,  24,  41, 

—  evaporation  of,  46,  — 
precipitation  of,  46,  47,  48, 

—  globulins  of,  46,  47,  48, 

—  albumins  of,  47,  4S,  — 
kinetic  of,  69,  —  bufferacs 
tion  of  69,  —  relation  to 
leucocytes,  140,  —  growth 
promoting  effect,  146. 

Endoderm,   217. 
Endothelial  cells,  207,  219. 
Epithelial  cells,    104,    207,    — 
pure  strains  of,  107,  —  de» 


differentiation  of,  108,  — 
mixed  with  fibroblasts,    124, 

—  neuro,  129,  —  mucous 
secreting,  129,  —  thyroid, 
129,  —  formative  ability, 
191,  —  cancerous,  193,  — 
Giant  cells,  212. 

EthyUurethane,   58. 
Equilibrium  in  tissuc»juicc,  49. 
Evaporation     of    cmbr.    juice, 

46. 
Extracts    of    tissues,    42,    44, 

144. 

Fat,    extraction    of    from    cx» 

tract,   54. 
Fat  granules,  31,  208,  211. 
Fibrin  meshwork,  35,  —  struct 

ture  of,   117,  214,  —  growth 

in  formalin  fixed,   1 15. 
Fibrinogen,  87,  —  preparation 

of,  88,    —    growth    in,   145, 

245. 
Fibroblasts,    duration    of   life, 

42,  —  pure  culture  of,   105, 

—  mixed  with  epithelium, 
124,  —  morphology,  207, 
219. 

Fibrous  fibrillae,  29,  30,  21  2. 
Film,  fluid,  27,  38. 
Filtration  of   embryonic  juice. 

42,  65,   144,  —  ultras,  61. 
Fixation  of  cultures,   98,    102. 
Flasks  for  growing  tissue,   93, 

151,   154,  202. 
Flexner«lobIingcarcinome,  263, 

26b. 
Foreign  protein,  221,  224,  231. 
Formative  ability,   191. 
Frame  work,  27,   34. 
Fusiform  cells   of   epithelium, 

116. 

Gabritschewski  dish,   138. 

Gelatine,  35,   36. 

Germ  cells,  210. 

Giant  cells,   113,   212,  258. 

Glassswool,  35. 

Gliossarcoma,  244,  257. 

Glycogen,  31,  211. 

Gold  impregnation,   100,   101, 

163. 
Grafting,  246,  254. 
Granulations,  260. 


Graphic  expression  of  growth, 
94,   152. 

Growth  index,  92. 

Growth-promoting  substances, 
41,  64,  65,  152,  178,  — 
lability  of,  43,  —  plysio« 
chemical  nature  of,  44,  — 
adsorbtion  of  54,  56,  58,  59, 
60,  61,  62,  63,  —  inactiva- 
tion,  68,    —  in    serum,   151, 

—  of  leucocytes,   153,  256. 
Growth,    rate    of,    26,    —    its 

estimation,  88. 

Hair,  (supp.sapp.),  38. 

Heart  tissue,   179,  219,  239. 

I  lematopoetic  apparatus,  220. 

Hematoxylin,  99. 

Hemolysins,  220,  241. 

Hemolytic  action,  151,  220, 
235. 

Heterogenic  culture  media,  42, 
149,  153,  184,  224,  241, 
245. 

Historical  review,   19. 

Homogenic  culture  media  42, 
215. 

Hormones,  203. 

Human  tissues,  257. 

Humors,   142. 

Hyaline  substance,  130,  133, 
212,  216. 

Hydrogen  ion  concentration, 
39,  —  and  adsorbtion,  55, 
57,  —  and  growth  of  fibro- 
blasts, 71,  —  determina= 
tion  of,  71,  —  preparation 
of  solutions  with  a  given,  72. 

Hydrolysis  of  proteins,  52. 

Hvpotonic  culture  medium, 
81,   141. 

Immunity,  31,   220,  271. 
Immunization,   223,  —  degree 
of,  223,  227,  —  passiv,  232, 

—  malignant  tissues,  240, 
271,  —  humeral  and  cellu« 
lar,  271. 

Inactivation  of  emb.  juice.  ex« 

planation,  68. 
Increase  of  tissue,  91. 
Independency  of  sarcoma  cells, 

265. 
Index  of  cicatrization,   152. 
Inflammation,  26,   140,   153. 
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Inherent  cell  activity,   152. 
Inhibiting  factor,  87,  HO,  150, 

152,  224. 
Instruments  for  culture  work, 

84,  93 
Integrity  of  tissue  cells,  155, 

256. 
Interaction     of    tissues,     124, 

18  8,    190,     —    different 

species,   186. 
Intercellular   connections,   113, 

155,  163,  179,  187,  215, 
256. 

Intercellular      substances,     29, 

212. 
Intestinal  organism,   197,   269. 
Intestine,   129,   188,   196. 
Iris  epithelium,   1  08,  218. 
Isoelectric    point   of   proteins, 

49. 
Isolated  cells,  growth   of,    40, 

156,  167,  250,  256,  257. 

Janus  green,  93,  208,  210, 
267,  —  Janus  black,  98, 
208. 

Keratinization,   191,   193. 
Kidney  tissue,   104,  218. 
Kinetic  of  emb.  juice,  69. 

Latent  life,  82. 
Lens  of  chicken,  eve  108. 
Leptom=cells,   165.   178,  205. 
Leucocytes,  133,  134,  153,  154, 

200,  235,  239,  256. 
Leycocytic  secretions,  202. 
Leucozytoid  cells,  30. 
Lieberkiihn  glands,   197. 
Linoleate,  sodium,  87,  245. 
Liquefaction,     109,    128,     198, 

245,  248,  268,  —  avoiding 
of,  87,  257. 

Liver  cells,  218,  239. 
Locke-Lewis  salt  solution,  95. 
Lymph  as  culture  medium,  79. 
Lymph  nodes,  218. 
Lymphocytes,    133,    131,    154, 
203,  239. 

Macrophages,   134. 
Malignant    tissue      cells,     32, 
240,  —  cultivation  of,  243, 

246,  —  characteristic  of, 
256,  262,  —  cell  division 
of,  257. 


Measurement,  25,   01. 
Membrana  nictitans,   130. 
Membrane  formation,  112,  117, 

118,   120.  218. 
Mesenchyme,  211,  219. 
Metaplastic     epithelium,     113, 

270. 
Methylene  blue,   98,   99,    100. 
Methylene  blue,    displacement 

of,  59. 
Mica,  90. 
Microscinematography,97, 179, 

278. 
Microsdissection,  96. 
Micromanipulation,  96. 
Microphotogrammes,  96. 
Milieu     exterieure,    128,     206, 

270. 
Milieu  interieure,  25,  142,  206. 
Mitochondria,  31,  163,   207, 

211. 
Mitosis,    167,    207,    —  of  epi= 

thelial  cells,   113,  —  of  sar= 

coma  cells,  258. 
Mixed  cultures,   126,  268. 
Monocytes,   134,   140,  262. 
Mononuclear   leucocytes,    105, 

1  34,  —  transformation  of, 

140,  262. 
Morphogenetics,   206. 
Morphological  changes,    cause 

of,  26,   116,    217,  —  of  epi. 

thelial  cells,   116,  217. 
Moving  picture,  97. 
Mucous,   129,  249. 
Mucous   secreting    epithelium, 

129. 
Multiplication     of      epithelial 

cultures,   121. 
Muscle,   218,    —    cross    stri» 

ated    218,    —  smooth,    219, 

as  food  and  support,  217. 

Nerves,  regeneration  of,  20, 
22,  217,  —  cytotoxins  of, 
239. 

Neuroepithelium,   129. 

Neutral  red,  9S,  133,  210, 
267. 

Nile  blue,  208. 

Nitrogen,  total  in  emb.  juice, 
54,  63,  —  in  supernatant 
fluid,  60,  —  in  serum,  150. 

Nucleolus,  260. 


Nutrient    solution,  23,    15  2. 

Oleate,  sodium,  59,  61,  62. 
Operating  room,  85. 
Organization,   191. 
Osmotic      pressure,     influence 

on  growth,  82,   143. 
Osteosarcoma,  257. 
Ovary,  239. 
Oxygen  tension,  90. 

Pancreas,  239. 
Partial  organism,   161. 
Pavement,  epithelial,  112,  1I7. 
Peptones,  43. 

Periodic  cell  divisions,   177. 
Peristaltic  movement,   197. 
Phagocytosis.  221. 
Photographs,  96. 
Physiological  elective  method. 

28,   104,   140. 
Pigment,  31,  208. 
Planimeter,  91. 
Plasma,    preparation,  of,   82. 

growth  in,  144,  146,  —  Coa= 

gulation  of,  214. 
Plasma,  of  older  animals,  25, 

146 
Plasma,  of  young  animals,  25, 

146. 
Plasmodesms,     155,    164,  206, 

215. 
Plating  out   of  cells,    40,  156. 
Plimmers  bodies,  211. 
Polyblasts,  30. 
Polygonal  epithelium,   112. 
Polsmorphnuclear    leucocytes, 

140. 
Polyomyelitis,  237. 
Precipitate,  resolution  of,    50. 
Precipitation    of   embr.    juice, 

46,  47,  48,  49,  65,  66. 
Precipitins,  237,  240. 
Premuscle,  218. 
Preparation  of  plasma  82,  — 

of    embryonic    tissue    juice, 

83,  —  of  the  media,  89. 
Protective  solution,  23,  24,  152, 

207. 
Protein  therapie,  235. 
Protoplasmic    processes,     155, 

163,   179,  187,  206,  215,  256, 

—  of  epithelial  cells,   113 
Pseudopods,  262. 
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Pulsation  of  heart  tissue,  179, 
183. 

Pure  cultures,  1  03,  239,  — 
method  ot  obtaining,  104,  — 
of  fibroblasts,  105,  —  epi» 
thelium,  107,  —  of  big 
mononuclear  leucocytes,  136, 
—  of  sarcoma  cells,  246. 

Quantitative  method,    25,   88. 

Rabies,  237. 

Radiology,  32. 

Rate  of  growth,    26,    145,    — 

its  estimation,  88. 
Ray  energy,  effect  of,  32. 
Refractometric      measurement, 

150. 
Regeneration    of    tissue,     161, 

188,  205,  270. 
Reinoculation,  254. 
Rejuvenation,  82. 
Relative  increase,  91. 
Residual  activity,   152,   154. 
Resistance,  223,  231. 
Retinal  epithelium,    208,    218. 
Ringer's  solution,  85. 
Rhythmical  cell  division,   169. 
Rhythmic  impulses,   175. 

Salt  solutions,  as  cult,  med., 
22,  35,  81,  87. 

Sarcoma,  extract  of,  144,  — 
virus  of,  237,  —  cytotoxins, 
240,  —  Cultivation  of,  243, 
246,  —  reinoculation  of 
cultures,  254,  —  celldivision 
af  sarcoma  cells,  257,  — 
cell  types,  259. 

Scattered  cells,  growth  of, 
161,   167,   256,  270. 

Sea  urchin,   143. 

Selection  of  the  tissue,  88. 

Senescence,   24,  25,   79. 

Separation  of  cells,  264. 

Serial  photography,   169. 

Serum,  inhibiting  effect,  24, 
140,  143,  203,  —  influence 
of  shaking,  45,  151, 
growth  in,  145,  149, 
physico-chemical  properties, 
ISO,  —  growth  promoting 
effect,   151,  —  of  dog,  230. 

Shrinkage  of  plasma  clot,  89, 
162. 


Silk.gauze,  27,  35. 
Simultaneous  contraction, 

179. 

Somatic  growth,   1K8,    195. 
Specificity,   238,  241. 
Specimen,  97,  98,  89. 
Spleen,   i55,  218,  270. 
Spider-web,  27,  35. 
Spinal  ganglia,  217. 
Spontaneous  inactivation  of 

cmb.  juice,  68. 
Staining,    of  cultures,    97,    -- 

vital,  98,  —  neutral  red  98, 

—  methylene  blue,  98,  99, 
100,  —  A:ur  blue,  100.  — 
Gold,  100.  —  Van  Gieson, 
126. 

Stereotropism,  27,  213. 
Strains,  permanent,  23,  24,  — 
of  fibroblasts,  105,  145,  168, 

—  of  epithelium,  107,  — 
of  cartilage,  1  29,  —  of 
monocytes,  1  34,  —  of  sars 
coma  cells,  267. 

Stroma,    130,     133,     199,     212, 

269. 
Stroma  cells,   254. 
Subcultures,   225,   234,   249. 
Supernatant    fluid    from     ad= 

sorbtion  experiments,  60,  61, 

62,  63. 
Supporting  apparatus,    26,  27, 

34,    64,    87,    213,    —    covers 

slip,  35,  —   two  dimensions 

supp.   35,  —  muscle  as,  247. 
Surface     activity,     significance 

of  for  migration  of  cells,   37. 
Surface  cultures,  112. 
Survival,    23,    24,    81,    94,   145. 
Symblast  theory,   155. 
Sympathetic  nerves,    210,    217. 
Synchronicity      of    cell     divi= 

sion,   178. 
Synchronous    contraction,   1 79. 
Synthesis,  255. 
Synzytium,   155,   178,  256. 

Technical  errors,  88. 

Technique  for  tissue  cultiva» 
tion,  79.  —  of  cultivation 
of  epithelial  cells,  108,  — 
of  cartilage  cells,  129,  —  of 
leucocytes,  136,  —  of  sar< 
coma  cells,  246. 


Temperature     coefficient,     70, 

14  7. 
Terminal  equilibrium,  69. 
Thymus.  218. 
Thyroid    epithelium.    129,    — 

143,   218,  239. 
Tissue  formation,  140,  257,  262. 
Tissue,    fresh,    23,    146,   —  of 

adults    I5i,   304. 
Transferring  the  tissues,  87,  — 

of  single    cells,    157,  —    of 

intestinal    organismus,     198, 

—  malignant  tissue.  246. 
Transformation,    27,    103,  126, 

132,   140,   192. 
Transplantation,  189,  200,  205 

246,    254. 
Trephocytes,  202. 
Trephones,    44,    155.    202, 

270. 
Trypsin,  digestion    of    embrys 

onic  juice,  52. 
Tubularia,  205. 
Tubules    af    epithelium,     '  1 7, 

120,   191,  217. 
Tumor  cells,   190,    240,  242, 

—  cultivation  of,  243,  246, 

—  characteristic     of,     256, 
262. 

Tyrode's  solution,  85. 

Ultrafiltration.  61. 
Uninterrupted  growth,  92. 

Villi,    197. 

Virus,  of  polymyelitis,  237,  — 
of  vaccina,  237,  —  of  rabies, 
237,  —  typhus,  237,  —  Rous 
sarcome.  propagation  of, 
255. 

Vital  stain,  98,  267. 

Wandering,  cells,   134,    157, 

200,  21S 

>X'ith  of  the  ring  of  new- 
cells,  91. 

Wound    hormones,    178,    205. 

Vaccina,  23  7. 

Vacuolation,  211. 

Vital  staining,    98,  133. 

Zenkcrs  solution.  102  210. 


